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PREFACE. 



WHEN the original College text-book on Engineering went 
out of print, it was decided that it should be re- written 
in the form of several manuals. The first to be undertaken was 
one on Hydraulics which was published in 1887. A Manual 
of Building Materials and Construction was issued in 1894. 

The want of a Manual on Irrigation Works was felt by 
the CoUege, and in 1896 a small work, adapted for the most 
part from Mullins' ** Irrigation Manual " by permission of the 
Government, and with the late General Mullins' consent, was 
published. 

Experience showed, however, that this work required revi- 
sion and amplification to fit it for College requirements, and 
it has accordingly been re- written. The present publication 
does not aim at being a comprehensive treatise on irrigation, 
it is merely a manual compiled for the use of students. 

I have to acknowledge the courtesy of Mr. R. B. Buckley 
in granting permission to make use of his book " Irrigation 
Works in India and Egypt," to Mr. Herbert M. Wilson in 
regard to extracts from his ** Manual of Irrigation Engineer- 
ing," to Mr. James D. Schuyler for leave to reproduce several 
Dlustrations from his book on ** Reservoirs for Irrigation, 
Water Power and Domestic Supply,'' and to Messrs. Ransomes 
and Rapier for the notes on Stoney's sluices. 

I also express my gratitude to His Excellency Lord 
Ampthill, Governor of Madras, for graciously accepting the 
dedication of this work. 

Madbas, B. 0. K. 

January 1906. 



CONTENTS. 



CHAPTER I. 

Meakino of Ibbiqatiov, Necessity fob Ibbigation, Diffbbxnt 

MoDBS OF Irrigation. 

Aet. 

1. Meaning of irrigation 

2. NeooMity for irrigation ... 

3. Valae of irrigation 

4. Different modes of irr igation ... 

5. Sources of irrigation water, 

6. Water for irrigation drawn from riven 

7. Inundation and perennial oanels 

8. Parts of a canal Bjii em 

9. Tanks ooUeoting rainfall for irrigation 

10. Beservoir dams for storing np irrigation water 

11. Masonry Keservoir dam with flood discharge slaioes ... 

12. Preparation of irrigation projects 





Pagi 


. ••• ... 


1 


• ... ... 


1 


. t • . ... 


1 


• ... • . . 


2 


• ... a t ■ 


2 


. ... •.. 


2 


. ... ••• 


2 


. ... ... 


4 


. ... ... 


4 


• • . • ... 


6 


• . ■ t ... 


6 


• ••• ••• 


6 



CHAPTER II. 

Baikfall, Bxtk-off, Flood Dischabops, Flood Lbtels and thfib 
Eboibtbation, E^APOBATioir, Absobftion, Silting. 

Ao« AAmiau a.. •.. ••• •§. •*. ••• ... 

14. Rainfall registers 

15. Ganging rainfall 

JLo* H>nn*off... ... ... ••■ ••• ... ,.■ ... 

17. Catchment basin 

18. Maximum discharge of catchment basin 

19. Formnlee for maximum rnn-off 

20. Tables for representatiTe areas 

21. Flood discharges 

22. Flood lerels and their registration 

23. Biver embankments ... ... ... ... ... ... 

24. (Gauging river discharges 

25. Evaporation ... ... ... ... 

26. Leakage and sbsorpHon 

27. Amount of losses in reservoirs and canals 

28. Prevention of percolation 

ISfft Ollw .1. ... ... ... ... ... ... ... 



• •• 




7 






7 






7 






8 






8 






8 






9 






10 






13 






18 


• • 




14 






14 






14 






16 






16 






1(3 






17 



CHAPTER in. 
Canals, Channbls and Distributabibs. 



30. Classes of canals 

31. Irrigation canals ... 

32. Navigation canals 

83. Combined irrigation and navigation canals 
34 The Alignment of canals 

85. Canals and channels 

86. Purposes for which designed 

87. Data for design 

Oc7t Aj6y61B ••• •■» ••• >•! ••■ 

39. DimensioDS of main channels 

40. Typical sections of Indian canals 







19 






19 






19 






19 






20 






21 






21 






21 






22 






23 






24 



TIU OONTBITTS. 

Abt. Page 

41. Irrigation ohannels ... ... ... ... ... •.. ••> ••• ... 26 

424 Distributftriea ... ... ... ... ... ... ... ..• ... 28 

43. Limiting^ velooitj of water 28 

44. Details of ohannel ... ... ... ... ... ... ... ... ••• 29 

45. Best form of chamiel ... ... ... ... ... ... ... ... 30 

46. Details of full cross section 31 

47. Height of channel banks 32 

48. Width of top of channel banks 32 

49. Mile and intermediate stones or posts 32 

60. Cattle Ofdssing^s ... ... ... ... ... ... ... ... ... 83 

CHAPT8B IV. 

Hhad-Works and Aniouts or Divsrsion WUIKS. 

ox. xieafl* worns •.. ••• •.. ... ... ... ... ... ... ■•. so 

62. Anicuts or weirs ... ... ... ... ... ... ... ... ... 87 

63. Component parts of anicnts 38 

04* wreBif TTsbii ••■ ... •■■ ... ... ... ..a ••. ... t.t oo 

66. Horisontal masonry apron 40 

66. BetainiDg wall ..• ... ... ... ... ... ... ... ... 41 

67. Sloping aprons of masonry or bonorete 41 

68. Sloping apirons of rough stone 42 

69. Outer rough stone apron 43 

60. Water cushions 43 

61. Apron and groynes above crest trail 44 

62. Principal tyi)es of anicuts 44 

63. Sunkesala weir 4i 

o4« V u uOor ^veir ... ... ■•• ... ... ... ... ... ... ... 4u 

66. Srivaikuntatn anient 46 

66. G^divari anicat .. 49 

67. Thifd type of aniout 63 

68. The Kistna anient ... 63 

o9. Doane weir ... ... ... ... ... ... ... ... ... ... ov 

70. Lawrence weir ... ... ... ... ... ... ... ... ... 66 

71. MoViible iron weirs, French type ... < 67 

72. G'^ulburn masonry and iron drop-gate weir 58 

78. Open and closed weirs 60 

CHAPTEB V. 
SoouRiira-sLuiCES, Open Weirs. 

74. Sconring sluices ... . ... ... ... ... ... 62 

75. Construction of under-sluices ... ... ... ... ... ... ... 64 

76. Sconring sluice shutlers and movable dams ... ... ... ... 66 

77* Fuuraores' shutters on Soane weir ... 6H 

78. Stoney's sluices ... ... ... ... .. ... ... ... ... G9 

79. Examples of 8toney*s sluices — The Bell^k sluices 71 

80. The Weaver sluices 71 

81. The Assu An sluices ... ... ... 72 

82. Smart's shutter ... ... ... ... ... ... ... ... ... 72 

88. Example of Smart's shutter 72 

OHAPTEB VI. 

Regulators, Head Sluices, Escape'', Canal Weirs or Fall^ 

AND Bridges. 

84. Regulators or head sluices ... ... ... ... ... ... ... ... 76 

85. Position of head sluice ... ... ... ... ... ... ... ... 76 

86* ConstructioD of regulator ... ... ... .,. ... t.. 77 



• 



CONTENTS. IX 

Abt. Page 

o/( xxOftu SIUlOOB ••• ••• ••• ••• ••• t*i «•• ••• ••• /O 

88* Dfttft for df^flign ..• ... ..• ... ... ... .•• ••• ••• 78 

89. Details of Design — Plans 81 

90. Head sluioet of distributaries 81 

wL. Xisoapes ... •.• ••« ... ... •«• .«• ••• ... .*• oj. 

92. Lnoation and oharaoteristics of escapes 86 

93. Desi^ of esoapes ... ... ... ... ... ... ... ... ... 87 

94. Canal weirs or falls ... ••• ... ••• ... ... ... ••■ •.• 88 

95. Notched crest fall 92 

96. Formulas for notch falls 03 

97. Determination of profile for notch falls ... 98 

98. Bridges and culverts 94 

99. Data for desigfn ... ... ... ... ... ... ... ... ... 95 

100, Details of desig^n ... ... ... ... ... ... ... ... ... 95 



CHAPTER VII. 

Cross Drainaob Works, Inlets and £scapb8; SiJPBR-PAssAqrs, 

Aqubdvcts, Stphons. 

101. Drainage works ... ... ... ... ... ... ... ... ... 97 

102. Drainage outs, or diversions ... ... 97 

xi/o. xniew Qams ... ... ••. ... ... ... ... ... ... ... mf*t 

104. LeveUcrossings ... ... ... ... ... ... ... ... 99 

105. Super-passages ... ... ... ... ... ... ... ... ... 100 

JLUO. ^.QUeClUCbS ... ... ... ... ... ... ... ... .. ... .*(/25 

107. Gann&ram aqueduct 106 

108. Iron aqaeducts 107 

iu<7. DTpnons ... ... ... ... ... ... ... ... ... ... xuo 

110. Examples of inyerted syphons 109 

CHAPTER VIII. 

Navigation, Locks, Lock Wkirs, Tow-paths, Fknder 

Piles, Bridgbs. 

111. Canals for navigation only 114 

112. Irrigation canals adapted for navigation 114 

113. Limiting velocity of water 115 

114. Navigation in the dry season 115 

1.1,0. IjOck weirs ... ... ... ... ... ... ... ... ,.. ... llu 

no. JjOCKB ... ••• ... «•• ... ... ... ,., ... ... ... ill) 

117. Design of lock 1I9 

118. l^dal canals ... ... ... ... ... ... ... ... ... ... 119 

119. Site plans for locks, and look-weirs 119 

120. Fender piles 12ti 

■i**» unoges ... ••* ... ... ,,. ,,, ... ... ,,, ,,, 1 ^o 

122. low-patns ... ... ... ..• ... ... ... ... ... ... 129 



CHAPTER rx. 
Duty of Water. 

123. Duty of water 180 

124. Units of measure for water duty and tiow 130 

125. Measurement of water duty ISl 

126. Quantity of water required and used per acre for rice crfips 132 

127. Actual water supply of canals and channels 132 

128. Comparisons of water supply and area irrigated I33 

129. Classes oi storage works 136 



OONTBNTd. 



CHAPTEE X. 



Storagb Works, BE8BRV0IR8, Tanks, E^ethwobks, 
Surplus Esoapbs, Sluiobs. 
Abt. 

30. Preliminary investigation 

31. EzampleB of reservoir sites — The Sweet-water site 

32. Tinto Basin dam, Ariiona 

83. Designs .•• ... ... 

34. Earthen dams or embankments 

85. Foundations of earthen dams 

36. Masonry cores and paddle walls 

37. Masonry cores 

38. HomogeneoQs earthen embankment 

Ov. xiinKS ... ... ... ..« ... ... 

40. Grouping of tanks 

41. Repair and improvement of tanks 

42. Supply from catchment basins 

43. Methods of oompnting areas of water shedii, etc. 

44. Capacity for storage 

45. Irrigating duty of water 

4(1. Tank bands 

47* Paddle walls ... ... ••• 

4o. imciQie laoes >•. .«• ... ... ... 

49. Sooor holes ... ... ... ... ... 

50. Bevetments and substitutes therefor 

51. Sarplus weirs or means of disposing of sarplus water 

52. Designs of weirs 

53. Sluices for the distribution of water 

54. Kegulation of vent by shutter 

56. Regulation by plugs 

56. Closing of breaches in tank bunds 



Paob 

186 
186 
187 
137 
137 
187 
138 
138 
139 
140 
140 
140 
141 
142 
143 
143 
144 
145 
147 
149 
149 
152 
152 
159 
161 
161 
168 



CHAPTER XI. 



Masonry Dams. 



•t« 



157. Masonry dams ... ... 

158. Stability of masonry dams 

159. Practical formula 

160. Theoretical profile 

161. Limiting or maximum pressure on thd masonry at the base 

a dam. 

162. Examples of limiting pressure 

163. General form of dam 

164. Design of curved dams 

165. Details of construction 

166. Examples of dams—the Periyir Dam 

167. The Tansa Dam ... 

168. The Poena or Lake Fife Dam 

169. The Bhatgnr Dam 

170. The Betwa Dam 

171. The Beetaloo Dam 

172. The Geelong Dam 

173. The Quaker Bridge Dam 

174. Sweet- water Dam 

176. Bear Valley Dam 

176. Pacoima Submerged Dam 

177. The Zola Dam 

178. The Purens Dam 

179. The Ban Dam 

180. The Bousey Dam 

181. The Alicante Dam 

182. The Pnentes Dam 



••■ ■•■ ••* 

or any point of 



X73 
174 
176 
177 
177 

178 
178 
179 
180 
181 
183 
184 
184 
185 
186 
186 
186 
187 
187 
187 
189 
190 
191 
192 
194 
195 



OOHTBITTS, 



XI 



Art. 

183* Tho Vymwy Dabl ..• ... ••• ... ... 

184. Masonrj resenroir dam with flood disoharj^ slaioes 
18€. Tho ABsiout Dam ... ••• ••• ... •.. 



Page 

195 
196 
198 



OHAPTEB Xn. 



SOUBOBS OF WATBR-STTPPLT, WbLLS, WaTBB LiFTif. 



186. Sources of water-mpply 

187. SouroeB of earth waters 

Xoo. w el's >.. ... ••• ••• •*• *■• 

189. Capacity of common wells 

190. ArtesiaD wells 

191. Kxamples of artesian wells 

192. Sise of well ... ... ... ... 

193. Lift irrigation 

194. Motiye power and pumps ... 

195. Choice of pnmping machines 

196. Mechanical methods of irrigation 

197. Hydranlic rams 

198. Other forms of motors for pnmping water 

199. Lift pomps ••• ... ... ... ••• 

200. Vorce pumps ... ... •.. 

201. CentrSugal pnmps ... 

202. PoJsometer pumps 

203. Length of suction pipes 

204. Bteam engines 

205. Oil Engines 



... 



*•• 








199 




199 




199 




200 




200 




201 




201 




201 




202 




202 




203 




208 




209 




209 




209 




210 




210 




211 




211 




212 



OHAPTEB XUI. 
Watbb-sttpplt of Towns. 



206. Quality of water 

207. Taking samples of water 

208. Purification of water 

209. Filtration 

210. Quantity of water required per head 

211. Variation of demand 

212. Intermittent and constant supply 
218. Classifiofition of water- works 

214 Settling reserroirs 

215. Design of settling reserroirs 

216. Position of inlets and outlets 

217. Filter beds 

218. Drainage arrangements 

219. Filter head 

220. Bate of filtering speed allowable . . . 

221. Area and number of filter beds 

222. The sand bed 

228. Other systems of purification 

224. Service reservoirs 

225. Position of settling and other reservoirs 
22G. Distribution systems 

227. Determination of the sizes of pipes 

228. Pipes for water- works 









213 








218 








218 








214 








216 








215 








216 








216 








217 








217 








218 








219 








221 








222 








228 








228 








224 








226 








226 








227 








227 








229 








229 



1 



i 



/ OF THE ^ 

5 UlS/fVEKSITY 



^A' c ' . 



IRRIGATION WORKS 



CHAPTER i; 



MEANING OP IRRIGATION— NECESSITY FOR IRRIGATION- 
DIFFERENT MODES OF IRRIGATION. 

1. Meaning of Irrigation.-— Irrigation is a method of produ* 
cing or increasing fertility in soils by an artifioial supply of water. In 
dry weather you take a watering-pot and sprinkle snob plants and 
flowers as you consider most valuanle, or perhaps with a hose or water- 
cart moisten more or less your garden. This is irrigation pure and 
simple. The only difference between this form and that more generally 
implied by the word irrigation as used in India is that in the latter case 
the application of water to crops becomes a business by itself, and it is 
the duty of the Engineer to design and introduce methods whereby 
water may be applied in the easiest, least expensive and most certain 
manner. This is by aid of the action of gravity, and irrigation by 
natural flow is the result. Channels are constructed which lead the 
water from the source of supply, be it well, reservoir or stream ; and 
they are so aligned and graded that the water shall flow through these 
and from them into minor channels, and from these again be led by 
ploughed furrows through the fields. 

2. The Necessity for Irrigation. — ^The rainfall in some parts 

may be utterly insufficient in every season to mature the crops ; this is 
the case, for instance, in Sindh and in parts of the Punjab, where the 
rainf&ll for the yrar averages from 2 to 4 inches only, and in the whole 
basin of the Nile iu Africa, where the rainfall, on large tracts, is 
practically nothing at all. Or the rainfall may be amply sufficient in 
total quantity, but badly distributed with reference to the seasons or 
to the requirements of the crops. This is the case in Southern India 
and in the Madras Presidency particularly, where the rain, though the 
total amount ranges from 40 to 60 inches in the year, generally 
falls in short periods and it is not uncommon to have bursts of 12 inches 
in twenty -four hours And even in. parts of the Himalayas, where 
the rainfall varies from 50 to as much as 100 inches, crops grown on 
the terraces in the mountains are matured in the dry season by artificial 
irrigation. 

3. Value of Irrigation. — Of the incalculable benefits derived 

by a country from irrigation, not the least important are increase of 
revenue and prot^tion from famine. 

Irrigation works are consequently classed as Productive or Protective 
according as they conspicuously fulfil one or other of these great 
functions. In a productive work the revenue not only pays the cost of 
maintenance but, in addition, a percentage on the capital expended. 



This percontage is a profit to the State, that is to the communitj. In 
the case of a protective work the revenue is generally insufficient to 
yield a profit ; but the construction of the work is undertaken to protect 
the inhabitants of the district from scarcity and famine. 

The full advantage of irrigation works cannot, however, be estimated 
by their direct results. Works are indirectly profitable in improving the 
condition of the people, in promoting trade, and in developing the 
resources of the country. 

4« Different Modes of Imgation.— Irrigation works may be 

divided into two great classes, viz., gravity and lift irrigation. Gravity 
works include all those by which the water is conducted to the land by 
the aid of natural flow. They include — 

(1) Oanals, which may be either perennial or inundation canals. 

(2) Storage works. 

(3) Artesian well supplies. 

Lift irrigation includes those forms of irrigation in which the water 
does not roach the land by natural flow, but is transported to it by 
pumping or other means of lifting. Lift irrigation is divided into 
classes according to the form of power used. 

6. Sources of Irrigation Water. — The water required for irri- 
gation may be obtained from underground where it is often met with at 
a moderate depth by sinking wells to the water-bearing strata. The 
water is drawn up, either by manual, animal or other power. 

Where the rainfall is heavy, but of short duration, it may be col- 
lected in tanks ; and the flow of streams, which fail in the dry season, 
may be stored in reservoirs, formed by dams placed across the valleys 
of streams at suitable sites. 

The most abundant supply, however, of water for irrigation is 
derived from large rivers, by means of canals. 

6. Water for Irrigation drawn from Bivers.— Water may 

be drawn from rivers during their floods by means of inundation canals, 
leading the water at a somewhat high level from the river to the lands 
at the sides, the influx being sometimes regulated by sluice-gates, and 
ceasing directly the river falls. Water is also obtained for irrigation 
from the upper parts of rivers, having a perennial flow, by canals 
which, being given a suitable fall, convey the water for long distances 
to irrigate arid plains at a considerable distance from any natural water- 
course ; and shorter oanals are constructed branching oft lower down on 
such rivers, to irrigate lower lands away from the river. Canals, more- 
over, starting from the head of a delta, where the water is backed up 
by a weir during the dry season, supply water for irrigation to the low- 
lying lands situated between the branches of the river traversing the 
delta. In the first case the irrigation is intermittent, only taking place 
when the river is in flood, and depending for its extent on the height 
of tbe flood ; whilst the last two methods are intended to furnish a 
perennial irrigation, discharging a constant supply of water throughout 
the dry season. 

7. Inundation and Perennial Canals.— The leading of watei 

from rivers and streams to irrigate adjacent lands was probably practised 
even before the time when the construction of tanks was undertaken* 



The most primitive system was that of making comparatively shallow 
outs, through the river bank, or through the ridge wiiich separates the 
river from the low-lyinff surrounding country, into which the water flo^ ed 
when the level of the nver was raised by the regular floods which occur 
annually in most tropical streams. The canals made on this system are 
called, in India, inundation canals. The chief inundation canals of 
India are found in the basin of the Indus and of its five tributaries. 
Inundation canals give, at beet, a precarious system of irrigation ; if the 
floods of the rivers, from which the canals are drawn, are regular, and 
the duration of the flood is sufficient, the cultivation is secure, provided 
that the canals have been cleared of the silt deposits of the previous 
year ; but when the floods are low, or only remain for a short time at 
their full height, it is impossible to pass the necessary volume of water 
on to the fields, or even to give any water at all to many of them. 

A very large proportion of the area now under irrigation in India 

is commaaded by perennial canals taken from the large rivers. It 

is impossible to draw atiy very distinct line between inundation and 

. perennial canals. There are some canals which are perennial, in the 

sense that the water does flow in them all the year round and yet the 

discharge is so small during the dry seaaon of the year, as compared 

vritii that of the flood season, that tney would more probably be classed 

with inundation canals, although the term is usually only applied to 

channels with an intermittent discharge. The extra depth to which such 

canals are out may be sufficient to take in water when the river is at its 

lowest, but the resl object of it often is to increase the discharge in the 

■eason of inundation. A perennial canal may be only an inundation canal 

cut to a sufficient depth ; but usually it has head works in or across the 

river from which it is taken. The construction of perennial canals in 

India was probably first undertaken in Madras, where, as has already 

been stated, there are numerous examples of channels leading a constant 

supply of water from streams. In some cases, and notably in that 

of the channels taking off from the G^and Anicut in the Tanjore District, 

these canals drew their supply from permanent weirs or aniouts, but in 

many cases a dam or corumbo was constructed across the river every 

year as the flood fell, to retain the water at a sufficient height to compel 

it to flow into the canals. The commbos were often made of sand and 

brushwood only, and completely closed the channel of the river, diverting 

the entire supply into the canal. The Grand Anicut is said to have been 

constructed several centuries ago. 

The earliest examples of successful perennial canals are to be found 
in the delta system of Madras ; of these the Cauvery or Coleroou works 
are the most ancient, both as regards the original portion constructed 
by the natives, and with reference to the improvements of them which 
were commenced in 1836. 

The area of irrigation dependent on this anient system, before any 
improvements were effected, was 669,000 acres ; now it is rather more 
than one million acres ; about 18 lakhs of rupees only have been spent 
on the improvements. This irrigation system is the largest delta system, 
and it is the most profitable of idl the works in India. There are six or 
seven somewhat similar delta systems in Madras, of these the God&vari 
system is a fine example. At the head of the delta of the God&vari 
the deep bed of the river is only some 8 or 1 feet below the highest 
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parts of the delta 'which require^ irrigatiot], so that it was easy to com- 
mand ihe whole area by means of a weir which was constructed across 
the river at Dowlaishweram, where the total width from bank to bank 
is fS-^ miles, but where four islands reduced the actual length of weir to 
about 2^ miles. The river at the head of the delta bifurcates into two 
streams, which divide the area under command into three sections, each 
of which is watered by a canal taking oft the river above the anient. In 
the eastern section the main canal soon bifurcates, one branch following 
the high bank of the river, and the other flowing along the foot of the 
hilly ground bordering the delta at this part, both these branches throw 
off many other channels to irrigate the lower land lying between them. 
In the same way the caual in the central section of the delta throws o£E 
branches along the high banks of the river, which command the country 
between them, while one of them in its lower reaches crosses a branch of 
the river by an aqueduct of 49 arches. In the western section the main 
canal divides into several branches, one of which, as in the eastern section, 
follows the margin of the delta, and another follows the river bank. 
The main lines of canal in this system are constructed for navigation as 
well as for the supply of water. The area irrigated is nearly 700|000 

acres. 

« 

8. Parts of a Canal System.— -A canal system consists essen- 
tially of the following parts : — 

(1) Source of supply. 

(2) Lands to be irrigated. 

(3) Main canal and branches. 

(4) Head and regulating works. 

(5) Control and drainage works. 

(6) Distributaries. 

The principal works of this system are the main canals and 
distributaries. Between different canal systems the greatest points of 
diilerence are found in the head works and in the first few miles of the 
diversion line, where numerous difficulties are frequently encountered, 
calling for variations in the form and construction of drainage works 
and canal banks. 

9. Tanks ooUeoting Rainfall for Irrigation.— One of the 

earliest systems of irrigation in India, in those districts where the rainfall 
is generally copious, but unsuitably distributed during the season, was 
by surface tanks. They are foimd to some extent in all parts of India, 
but are to be counted by thousands in Madras, whore millions of acres 
of rice crops are irrigated from them. These tanks vary in size from a 
few acres to nine or ten square miles of water surface. They are 
usaally formed by throwing earthen embankments across small local 
drainages, often with a catchment area of only two or three square miles, 
or by a series of such embankments thrown across the valleys leading 
from larger catchments. The Hoods are impounded in this series of 
tanks and utilized subsequently for irrigation ; the surplus from one 
tank flowing by escape channels to that below. In years of very heavy 
rainfall these local tanks are occasionally breached, and the supply store 
lost, and in years of deficient rainfall many fail to fill at all. In Madras, 
where there are some 60,000 tanks, the majority are provided with 



ouiBOiiry works for dmning off the water or for regulating the discharge. 
The Madras tanks also depend mainly on looal rainfsdl, but they are 
sometimes fed from rivers or streams by means of channels taking off 
from weirs constructed in the beds of the rivers. In a return given by 
the Madras Grovemment it appears that there are 1,129 weirs across 
rivers or streams in Nf adras, each connected with a series of tanks, or 
with a single one. These weirs are exclusive of those connected with the 
larger irrigation works. The dependence on local rainfall renders the 
irrigation from these tanks to a certain extent precarious, but the area 
ordmarily irrigated from works of this kind in Madras exceeds 3J 
million acres. In some cases the embankments, which, with one or two 
exceptions, are all made of earth, are built in gorges ; thus the embaok- 
ment of the Gumbum tank in the G-untiir district which is over 100 
feet high, is little more than 300 feet long, but the water surface of the 
reservoir is about 8 square miles : while another example, the Chem- 
barambakam tank, about 14 miles from Madras, has an embankment 
3 miles long which sustains a minimum depth of only 20 feet or so ; it 
has a watersprcad of 8*95 square miles and a capacity of 103 millions 
of cubic yards. In Mysore the Mig^ar tank has an earthen embank- 
ment 84 feet high and 1,000 feet long. In the north these surface 
tanks, in almost all cases, depend on their local catchment, but in Madras 
tanks are sometimes grouped together and fed from rivers. Plate 
I shows one of these systems in the Salem district which has been 
greatly improved since 1883 by the construction of a weir across the 
river Ponniar, and of a system of supply channels and sluices. 
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10. Reservoir Dams for Storing up Irrigation Water.— 

Large volimies of water can be stored up for irrigation by erecting an 
earthen or masonry dam across the lower part of the valley of a slaream 
or river. The dam arrests the flow of water during floods till the water 
has filled the reservoir space above the dam, the volume of water thus 
stored up depending upon the height of the dam and the configuration 
of the valley above. A narrow part of the valley is generally selected 
which widens out higher up, so that a comparatively short dam 
across a gorge retains a lai^e volume of water. A waste weir is 
provided, over which the surplus water flows away harmlessly into the 
ohannel below when the reservoir has been filled. The water in these 
reservoirs being deep, is much less exposed to loss from evaporation than 
in shallow tanks. 

Several reservoirs have been formed by earthen and masonry dams 
in the hilly districts of the province of Bombay for irrigating tracts 
having a small rainfall, as being the only method available on account 
of the variable flow of the rivers in those regions. Earthen dams are 
ordinarily used for moderate heights, and in places where compact rock 
is not reached at a moderate depth below the surface ; and masonry 
dams are adopted for considerable heights, where a rock foundation can 
be obtained. 

11. Masonry Reservoir Dam with Flood Discharge 

Slnioes.— Beservoir dams for storing up water for irrigation or water- 
supply are commonly constructed across the narrow, mountainous gorge 
of a small river or stream, whose waters during floods gradually fill the 
reservoir thus formed above the dam; and the moderate volume of 
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surplus water in wet years passes over the waste weirs. When, however, 
a dam is construoted across the channel of a lai^o river, such as the 
Nile, to store np a portion of the flow towards the close of the flood 
season as designed to be accomplished by the masonry dam at Assu&n, 
provision has to be made for the discharge of the maximum flood 
through numerous openings near the bottom of the dam. These are 
only closed when the flood has began to abate, and the river, having 
fallen considerably, is carrying along compatatively little silt. 

12. Preparation of Irrigation Projects.— In considering 

proposals for constructing irrigation works, whatever the ciicumstances 
may be, there are certam points on which information is required. 
Those are — 

(1) The average rainfall of the country and its character. 

(2) The irrigation duty of the drainage from a square mile of 
oountry or other definite area. 

(3) The yield or quantity of water derivable from that definite 
area. 

(4) The average rates of assessment, for wet lands and dry lands, 
respectively, per acre in the neighbourhood. 

(5) Special circumstances regarding the site of the proposed 
work. 



CHAPTER II. 

RAINFALL, RUNOFF, FLOOD DISCHARGES, FLOOD LEVELS 
AND THEIR RBOISTRATtON, EVAPORATION, ABSORPTION, 
SILTING. 

13. RainfiBlJl.— Bainfall is the soaroe of all water used for irrigation 
purposes and therefore a knowledge of its amount, character, seasons or 
penods, and of the effects produced bj it, is of primary importance to 
all whose dutj it is to design, carry out, improY^, or maintain irriga- 
tion works. 

The resulting discharge, or run-off, from rainfall has to be consi- 
dered in two ways : first, the water to be utilized ; second, the water to 
be otherwise disposed of ; and in connection with every irrigation work 
these two points require to be concurrently taken into consideration. 

14. RainfiQl Begisten.— Rainfall registers are the foundation 
of knowledge of the water resources of a country. It is essential 
therefore that they be kept in a convenient form at as many stations as 
possible ; and indeed, wherever there is some one available, either 
permanently or temporarily, to measure and record the rainfall. All 
old registers should be preserved, abstracted, and used as data. 

It should be remembered that an accurate record of the duration 
of all very heavy falls of rain is of much importance, and this should 
be impressed upon all in charge of rain-gauges. But even if the 
rainfall returns of any particular district are complete, there is often 
no little difficulty in deciding, first, the maximum discharges from the 
catchment in periods of maximum rainfall : and second, the amount of 
run-off or the proportion of the total rainfall which finds its way to the 
point of discharge along the outfall line of the country. 

16. Gauging Kainfall,*— A common form of rain-gauge is shown 
in Fig. 1. It consists of three parts, the collector A, the receiver B, 
and the overflow attachm.ent G. A measuring rod graduated to inches 
and tenths is furnished with each gauge and is used in measuring the 
depth of water. The gauge should be placed in an open space, prefer- 
ably over grass soil, and, to obtain a free exposure to the rain, should 
be at least 50 feet from any building or obstr action. It should be 
enclosed in a close-fitting box and sunk into the ground, to such a depth 
that the upper rim of the gauge shall be about one foot above the 
surface, and care should be taken to maintain it in a horizontal 
position. The sectional area of the receiver being only 0*1 of the area 
of the collector, the depth of water measured is ten times the true 
rainfall. 



Fig. 1. BainOuige. 

16. Bnn-off.— By " run-ofi " is meant the quantitj of water which 
floTS in a given time from the oatohment baain of a stream. The mn-ofT 
of a given oatohment area may be expressed either as the number of 
oubic feet per seoond* of water flowing in the stream draining that 
area, or it may be expressed as the number of inches in depth of a 
sheet of water »>road over the entire oatohment. The latter expression 
indicates directly the percentage of rainfall in inobes which runs off. 

17. Catchment Basin. — The ground or oountry over which the 
rain falls, and then drains off into one line of outfall or water-course, 
is called the catchment basin ; the boundary line of this baain is tho 
watershed. 

Eveiy irrigation work is dependent for its supply of water upon 
the run-off or discharge, due to rainfall, from a basin of greater or loss 
extent, varying, in Madras, from the L15,570 square miles of the 
G6d4vari basin above the anient, to tho fraction of a square mile supply- 
ii^ a small tank. 

The mn-off or disohai^ of. a catchment basin may be stored in 
tanks or reservoirs, in which case tho proportion of the whole diaohargo 
intercepted may bo large or small ; or it may be utilized by means of 
irrigation canals or channels, with or without the aid of an anicut or 
weir, to raise the water-level in tho water-course, which may bo the 
immediate source of supply- 

18. Maximum Discharge of Catohiuent Basin.— Upon a 

right estimate of tho greatest quantity of water liable to be discharged 
from a catchment basin will depend the safety of any work which may 
exist, or which it may be proposed to coMta'act, to utilize a part of the 
water for irrigation purpoees. 

As run-off bears a relation to rainfall, it would appear that, knowing 
the amount of rainfall and the area of the catchment baain, the amount 
of run-off, or disehargo, can bo readily ascertained. This is not 
exactly the case, however, as the amount of run-off is affeotod by many 
varying climatic and topographic factors. Many formuhe, none of 
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whioh give perfeotlj satisfactory i^esults, have been proposed for 
obtaining the relation between run-o£E and rainfall. The mn-ofE will 
be affected by the depttx of the soil, the amount of vegetation, the 
steepness of the slopes, and the geologic. stmoture. 

Another difficulty in determining the rnn-off from any given 
catchment basin is due to the ever- varying circumstances under which 
heavy rain-storms occur. 

While, however, an absolutely correct determination of this quantity 
is not possible, it is, nevertheless, quite practicable, if a right use be 
made of available data, to form a fairly accurate estimate of the 
maximum quantity of water which may have to be disposed of, and 
then by allowing a reasonable margin for errors in the estimate, the 
requisite safety may be secured. 

19. Formulse for Maximum Bun-oflf.— Several formulse for 

ascertaining the maximum discharge from a given catchment basin 
have been obtained both empirically from known measurements and 
by theoretic processes. 

In India the formulaa which have been in general use are the 
following: — 

1 . Ryves* formula — Q = CM » 

2. Dickens' formula— Q = CMi 

in which M represents the area of the catchment basin in square miles, 
is a co-efficient depending for its value upon rainfall, soil, slope of 
ground forming the basin, etc., and Q is the resulting discharge, which 
is usually taken in units of cubic feet a second. By plotting a curve 
derived from the flood dischargee of some American streams it was found 

that the resulting equation became, Q = 200 Mo- 

The first of these formulsB assumes that the discharge from catchment 
basins of different areas varies as the cubic root of the square of the 
area, while in the second the variation is supposed to be as the fourth 
root of the cube of the area. The general result is, in the former case, 
a much more rapid diminution of proportionate discharge as the area 
increases, than in the latter case. The data for deciding as to which is 
the more generallv applicable formula for Southern India do not as 
yet exist, and eitner may be usefully employed if it be borne in mind 
that, while these formulae may be confidently used for the practical 
settlement of questions connected with the design of works, when the 
conditions of their applicability have been determined on adequate data, 
yet they are otherwise to be relied ou only as a guide to the reasonable- 
ness, or the reverse, of the conclusions independently arrived at. 

The following additional caution should, however, not be lost sight 
of. No such formula can be strictly applicable, with the same co-efficient, 
to areas of various sizes, even in the same part of the country and 
within the influence of the same intensity of rainfall, unless, as has been 
already pointed out, the other oircumstauoes, such as the slope of the 
ground, description of the soil, etc., be approximately similar. 

The chief difficulty will be found in the selection of a suitable 
co-efficient. For the comparatively limited areas in the coast districts, 

3 
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where the country is flat, and the drainage takes a longer time to 
ran-offy 400 to 500 have been foond to be suitable co-efficients for use 
with Byves' formula ; and 675 is a suitable co-efficient for limited areas 
near the hills, though occasionally in hilly tracts, liable to heavy stormSi 
a much higher co-efficient is necessary. 

20. Tables for Representative Areas. — ^The following tables 

(see pages 11 and 1^) giving for the two formulee, with different 
co-efficients, the corresponding depth in inches draining off certain 
representatiye areas, and the discharges in cubic feet a second, will be 
useful in determining from recorded rainfall, from recorded dischargee, 
or from the two combined, what co-efficients would be likely to be 
suitable to different localities. 

The use of these tables may be explained by one or two examples. 

Suppose the greatest recorded rainfall within, or near, a catchment 
oasin under investigation to have been 1 1 inches in 24 hours. The 
nearest rainfall to this, in the line of 5 square miles (the standard 
area) is 10*86 inches under co-efficient 500 for Eyves' formula, and 
about midway between 400 and 500 for Dickens' formula. Were no 
other data available^ either formula with the co-efficient indicated might 
be used to obtain the approximate discharge. Were the area of the 
basin 500 square miles, the resulting discharges obtained would be — 

c.ft. 

per second. 

By Ryves' formula , . . . . . 81,500 "1 a very material 

By Dickens' formula . . . . . . 47,600 J difference. 

Suppose, however, that for a part of the basin to be dealt with, 
say, for 250 square miles, there should be recorded a maximum discharge 
(over an anient suppose) of 20,000 cnbic feet a second, and that the 
rainfall at the time at which this occurred were the highest on record, 
viz., 11 inches. These data would indicate Ryves' formula to be 
applicable, with the co-efficient 500 ; whereas, if the discharge had been 
about 28,0O0 cubic feet a second, Dickens' formula with the co-efficient 
450, would be more likely to give a correct approximation to the flood 
discharge of the larger basin. 

Again, suppose that the recorded rainfall connected with an ascer- 
tained flood dischariife of 16,000 cubic feet a second from a basin of 250 
square miles were 8*70 inches, nnd that subsequently (or previously) a 
heavier fnll of 1 1 inches occurrod ; then the eo-efficient 400 with Ryves' 
formula would be the one deduced from the smaller rainfall, and for the 
greater rainfall a co-efficient of 500 would be indicated as suitable for 
adoption. 

In all such enquiries it is neoossary to ascertain not only the 
actual maximum rainfall, but also the amount of rainfall preceding such 
maximum fall, and the duration of both, but especially of the latter, 
otherwise a serious mistake might be made in deducing from the 
discharge due to any one rainfall what that due to a maximum fall 
would be. A rainfall of 6 or 8 inches in six or eight hours, after several 
days of moderate but soaking rain, may produce a greater discharge 
than one of 12 inches in 24 hours after dry weather. 
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21. Flood I>i8Charge8.-*In estimating flood discharges — 

1. Belj chiefly on ealcalatioDs based upon ascertained flood levels, 
and on the rainfall to which the resulting discharges were dne. 

2. Study the rainfall register and see whether the highest recorded 
rainfall is Ukely to have been a maximum, and whether its occurrence 
was preceded by those conditions likely to make it produce the maximum 
effect. 

3. Use Eyves' or Dickens' formula to check calculations otherwise 
made, and do not rely on the discharges that they indicate until the 
conditions of their applicability have been settled on adequate and 
satisfactory data. 

4. Ascertain the co-efficient to be used with each formula for the 
different parts of the district, so that a ready means of settling approxi- 
mately the requirements of anicuts, tanks, supply chaunels receiving 
land drainage, etc., as regards safety, may be available, 

5. Make use of every opportunity of accumulating additional data. 
Such opportunities occur every, or nearly every, year, and in ten years 
data on which very valuable cfdculations can be based could be collected 
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Fig. 2. Biyer Gauge. 



Fig» 3. Biyer Gauge. 



22. Flood Levels and their Begi8tratlon« — ^Trustworthy cal- 
culations and deductions must be based on accurate data, and the careful 
ascertainment and record of flood levels are of much importance ; where 
there are masonry works the actual maximum flood levels may be marked 
clearly and conspicuously, in most cases on a wing wall by a line 
showine; the level to which the water rose, the value of this level, and the 
year of the flood, e.g., M.FX, 189S—7If'83. When there are no 
masonry works at or near the point at which flood levels are required 
to be registered, gauge posts must be set up, and these will need to be 
specially designed to suit the circumstances, for when the depth of water 
is greats the selection of the position for the gauge will require care, and 
a secure foundation must be provided. Having settled the general 
arrangements, the form of the cross section may be as in Figs. 2 
and 3. 
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23. River Embankments. — In considering flood levels as affect- 
ing anicuts it is requisite to determine the greatest height to which the 
water has risen, or may rise, at only one point on the river, but in the 
case of river embankments it is necessary to ascertain the mftYinniTn 
flood level throughoat the whole of that part of the river's course which 
is, or is to be, embanked. Advantage should be taken of a)l masonry 
works, such as sluices, escapes, etc., lorming part of an embankment ; 
and the M.F.L. should oe accurately marked as described in the 
preceding paragraph. 

24. Ganging Biver Discharges. — ^The oeQoulation of the 

discharge of a river may be made in two ways : — 

1. At a weir or anient. The water-levels above and below the 
anicut and the velocity with which the water approaches the anient, 
together with the length of the latter are the data required. 

2. By ascertaining the mean velocity of the water in the river 
and the sectional area of the waterway at the selected points. 

The gauging of river discharges is dealt with in Chapter VHI of 
the College Manual of Hydraulics. 

26. Evaporation. — In all tanks and channels there is a loss 
of water from evaporation, leakage and absorption into the soil. 
The rapidity with which water is converted into vapour is dependent 
upon the relative temperatui'es of the water and atmosphere and upon 
the amount of motion in the latter. It is least when the atmosphere is 
moist, the air quiet and the temperature of the water low. Evaporation 
is constantly taking place at a rate due to the temperature of the 
surface, and condensation is likewise going on from the vapours exist- 
ing in the atmosphere, the difference between the two being the rate 
of evaporation. The total loss by evaporation is believed never to 
exceed 0*4 inches a day in the hottest and driest weather in India. 

While several methods have been devised for measuring evaporation 
none of them are wholly satisfactory. A simple apparatus and one 
which is as successful as most of the more elaborate contrivances is that 
employed by the United States Geological Survey. It consists of a 
pan, Eig. 4, so placed that the contained water has the same tempera- 
ture and exposure as that of the body of water the evaporation from 
which is to be measured. This evaporating pan is of galvanized iron 3 
feet square and 10 inches deep, and is immersed in water, and kept 
from sinking by means of floats of wood or hollow metal. It should 
be placed in the canal, lake, or other mass of water, the evaporation of 
which it is intended to measure, in such a position as to be exposed 
to its average wind movements. The pan must be filled to within 3 or 
4 inches of the top in order that the waves produced by the wind 
shall not cause the water to slop over, and it should float with its 
rim several inches above the surrounding surface, so that waves 
shall not enter the pan. The device for measuring the evaporation 
consiBts of a small brass scale hung in the centre of the pan. The 
graduations are on a series of inclined crossbars so proportioned that 
the vertical heights are greatly exaggerated, thus permitting a small 
liae or fall, say of a tenth of an inch, to cause the water snrfaoe to 



advance or retreat on the soale O'S of an inoh. By this derioe, 
mnltipl;ing the vertical aoale bj 3, it is poaeible to read to 001 
of lui inoh. 



Fig, 4. BraporatinK Pan. 

26. Leakage and Absorptioil. — ^Theloss from absorption varies 
greatly according to the nature of the bod of tlie reservoir, but it may 
DG generally taken as not more than half the losa by evaporation daring 
the year, althongh, in the earlier months of the period when the mn-off 
of the catchment is being impouodod, it would bo much greater ; the 
lose by leakage depends entirely on local oiroumstances and is generally 
small. 

The quantity of water which ii lost by absorption can be deter- 
mined by no rule ; it varies both with the nature of the soil on which 
a tank is constructed, or in which a cAnal is cut, and with the spring 
level in the sub-soil. The loss is greatpr in flowing water than in 
reservoirs. Mr. J. S. Bereaford who studied the matter closi-ly in the 
North- West Provinces, came to the following conclusions ; — 

1. The more extensive the absorbing medium the greater the 
losses from this cause, and hence loss by absorption ia greater when a 
oanal ia in outtiug than whea it ia in embankment. 

2. If the extent of the absorbing medium be limited by a 
. bed of clay placed under the reservoir or canal in which the percola- 
tion ooonrs, then the losses due to this cause are greatly diminished 
in quantity. The layer next the wetted perimeter limits the quantify 
aboorhed, and the greater its area the more wil 1 it pass through to the 
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still greater area of the next layer; henee percolation varies as the 
wetted perimeter. 

3. Under ordinary conditions the loss by absorption between the 
head of a distributary and any point L miles from the head can be 
approximately ascertained by the formula — 

Loss = AL* 

where A is the loss actually ascertained by experiment in the first mile, 
and ^ the power to which L is raised, varies from ^ to f . 

4. There is more waste by absorption in village channels than 
in all other parts of an irrigation system. 

The loss by absorption is much greater, as a rule, in new canals 
than in old ones, as the porous surface of an absorbent soil becomes 
blocked by the silt which is deposited on it and drawa into the inter- 
stices of the ground. This is of course more particularly the case when 
the water of the canal is much charged with silt, and will not occur 
when the canal carries clear water. 

27. Amount of Losses in Reservoirs and Canals.— This 

amount is difficult to ascertain and varies greatly with soil and climate. 
If the bottom of the reservoir is composed of sandy soil, the losses from 
percolation and evaporation combined will be about double those from 
the latter alone. If the bottom of the reservoir be of a clayey material, 
or if the reservoir be old and the percolation limited by the sediment 
deposited on its bottom, this loss may be but little more than that of 
evaporation alone. 

On a moderate-sized canal in India the total losses have been 
found to amount to about one cubic foot per second ('' cusec ") per linear 
mile. In new canals these losses are greatest. If the soil is sandy, 
the losses on new canals maj amount for long lines to from 40 to 60 
per cent, of the volume entering the head. In shorter canals the 
percentage of loss will be proportionately decreased, though they will 
rarely fall below 30 per cent, in new canals of moderate length. As 
the canal increases in age the silt carried in suspension will be de- 
posited on its banks and bottom, thus filling up the interstices and 
diminishing the loss. In old canals with lengths varying between 
30 to 40 miles the loss may be as low as 12 per cent, in favoiirable 
soil, though in general for canals of average length the loss will be 
about 20 to 25 per cent, of the volume entering the head. On the 
Ganges canal the length of which is several hundred miles, the losses 
in some years have been as high as 70 per cent. Experiments made 
on Indian canals show that the loss by evaporation alone on medium- 
sized canals is about 5 per cent, of the probable discharge, showing 
that the greater portion of the total loss is from percolation. 

28. Prevention of Percolation. — An excellent method for the 

reduction of the loss by percolation is that recommended by Mr. J. S. 
Beresford, who advises that pulverized dry clay be thrown into the 
canals near their head-gates. This will be carried long distances and 
deposited ou the sides and bottom of the canal, forming a silt berm. 

The losses by absorption are greatly increased by giving the canal 
a bad cross-section. Thus depressions along the line of a new canal are 
often utilized to cheapen construction by building up a bsnk on the 
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lower aide only, thus allowing the water to spread and eonseqaently 
increasing the absorption. The least possible wetted perimeter and 
the least surface exposed to the atmosphere will cause the least loss 
from this cause. 

29* Silt.— The silt which is borne in suspension in the waters 
of rivers, consists of organic and mineral matter, which, while it is 
often a source of advantage to the fields, is, not unfrequently, the cause 
of much trouble in the channels of irrigation works. It is desirable 
in all cases to pass forward to the fields as much fertilizing material as 
possible, but it is also desirable to prevent the deposition of silt in the 
channels, where it impedes, and sometimes completely chokes the 
discharge. 

It is well known that for ages the fertility of Egypt has been 
preserved by the silt laden waters of the Nile. Every year the Nile 
deposits its load of rich slime on the land, and, in consequence of this, 
the soil retains the fertility for which it has been famous since the 
earliest years of history. Such muddy water furnishes not only moisture 
to bring the crop to perfection, but it also brings manure to the land, 
and thus prevents it firom being exhausted. The silt annually deposited 
is merely manure, which is consumed in bringing the crops to maturity. 

Of all water used for irrigation, river water is, generally speaking, 
by far the best. The water is led direct from the rivers by canals to 
the fields. It deposits in the channel only the coarser parts of the silt 
it has brought down from the higher levels and forests, much of which 
is only sand. A large quantity of its most fertOizing silt is, however, 
conveyed to the land. So complete is the effect of this fertilization, 
that lands so supplied will continue to bear one or two grain crops for 
hundreds of years without other manure. Thus the disixict of Tan j ore 
is believed to produce as large crops now as it did ages ago. 

Silt varies enormously in its nature, according, generally speaking, 
to the velocity of the river which carries it and to the charactei of the 
catchment area of the river. Thus in the canals taking off the Bavi, 
the Jumna, and the Ganges, near the points where these streams first 
debouch from the hills, and where the fall of the beds is from 10 to 19 
feet in a mile, and the velocities are as great as from 10 to 15 feet a 
second, the matter which is occasionally swept down to impede and 
sometimes to block the channels consist mainly of shingle and ooulders. 
Lower down the courses of these same rivers and other similar ones, 
shingle and boulders give place to coarse sand mixed with mud, carried 
by velocities of perhaps 5 to 8 feet a second, at surface slopes of 1 
to 2 feet a mile : and nearer the sea, where, as in the case of the 
Nile in Egypt or the Ganges in Bengal, the surface slope of the 
floods is from 5 inches to as little as 3 inches a mile, the silt consists 
of the finest sand mixed with a large proportion of mud, borne by a 
stream fiowing with a velocity of only 2 or 3 feet a second. This silt 
when deposited is a soft slimy mud of a highly fertilizing nature. 

Experiments were made on the Ganges near the head of the Ganges 
oanal where the velocity is great (probablv 10 to 12 feet a second), with 
the result that the maximum amount of silt found was tis by weight 
of the water, but this appears to have been an extreme example and 
a somewhat doubtful one, an average of four examples in August and 
September giving only yj^. The Ganges at this pomt is fed mainly by 

3 
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the melting of the snows in the Himalayas, and the water ia oons^ 
quently comparatively free from silt ; bat in its lower reaches, after 
reoeiving the drainage of a large tract of country, the water is heavily 
charged with material in suspension. Experiments have shown that the 
water in the G-anges canal at Boorkee, some 18 miles from the point 
where the canal (&aws its supply from the river, is, at times of full 
supply, sometimes far more heavily charged with ult than the water in 
the river, the proportion of silt being as high as ^3 . This circumstanoe 
is interesting as confirming the fact that water which is not fully 
charged with silt, will pick up silt from the bed of a canal, even 
although its velocity in the canal is far less than it was in the river 
from which it was drawn. 

Different rivers are more or less fertilizing according as they pass 
through different rocky strata. Thus the Eistna river, which passes 
through a lime-stone ooontry, has a delta which has been found to 
produce crops 50 percent, larger than the delta of the 06d&vari which 
passes chiefly through a granite country. In Midnapore the rain&U is 
sometimes as much as ten inches in twenty -four hours, but the cultiva- 
tors are not satisfied with this. In order to gain the advantage of the 
manure in the river water, they drain off the rain water as quickly as 
possible and admit the former. Long experience has proved to them 
that they get better crops by irrigating with the silt-laden water of the 
river than by the rain water. 

The water of the Indus is preferred to well water, owing to the 
fertilizing silt it contains. 

General Scott Moncrieff, R.E., states that the price paid for the 
water of the Po in Italy was three times the amount paid for the water 
of the Dora Baltea, the extra value of the water of the Po being due to 
the fact of its alluvial silt being highly fertilizing, while that of the 
Dora Baltea is not. He also refers to the marked difference between 
the fields irrigated with the silt-bearing waters of the Durance canals 
.in France, and those of the clears cold Sorgues, so much so that culti- 
vators prefer to pay for the former ten or twelve times the price 
demanded for the latter. 

One of the most important points to be considered before an irriga- 
tion work of any kind is undertaken is the amount and quality of the 
silt in the source from which the water is to be obtained. In the case 
of canals taking off rivers of high velocity, and which probabl)' carry 
but little fertilizing matter, but a good deal— at certain times— of sand 
or even of shingle, the problem is to design the head-works so as to 
exclude to the utmost the coarser materials lest they materially diminish 
the discharge of the canals, in the case of rivers with a more moderate 
velocity, the problem is how to arrange matters so that the heavier 
particles, which float in the lower strata of the river and which are some- 
times swept along the bed of it more than actually hold in suspension 
in its waters, may be excluded, and the lighter fertilizing atoms may 
not only be taken into the canal but may be carried along it and its 
branches and finally deporited on the fields. Again, in rivers with still 
lower velocities, the problem is rather how to design the canals so as to 
carry to the fields all the silt which can be obtained. 
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CHAPTER III. 

CANALS, CHANNELS AND DISTRIBUTARIES. 
30. Classes of Canals. — Canals are divided into three great 

Ist. — Those for Irrigation alone. 

2nd. — Those for Navigation only. 

3rrf. — Those for Irrigation and Navigation combined. 

31* irrigation Canals.— The conditions required to snooessfuU}- 
detii^ and carry out one (f the first class are: — That it should be 
carried at as high a level as possible so that there may be sufficient fall 
from it to irrigate the land for a caisiderable distance, on ojie or both 
sides of it, and also that it should be a running stream, fed by a con- 
tinuous supply from the parent river, in order to compensate for the water 
consumed in irrigation. 

82. Navigation Canals.*-^The requisite conditions for a canal 
for navigation alone, are, in many respects, contrary to those required 
for a canal for irrigation alone. The former should be, as much as 
possible, a still-water canal, so that navigation may be equally easy in 
both directions ; and, as no water is consumed except by evaporation and 
absorption, and at points of transfer at locks, the required quantity 
of fresh supply is comparatively small, and the canal is thus most 
economically constructed at a low level. 

33. Combined Irrigation and Navigation Canalflk— It has 

been found impracticable to combine irrigation and navigation economi- 
cally in the same canal, and to make it a good working machine for the 
two purposes. 

In a canal intended for navigation only, a still-water channel is 
the most suitable, and the lower its velocity is, the less obstruction will 
it cause to boats proceeding upstream. 

In an irrigation canal, on the contrary, the greater the velocity of 
the water, so long as it does not damage the works, the more economi- 
cal and better machine it is. 

The cross-section of the channel can be diminished in proportion 
to the increase in velocity of the water, and consequently all the works, 
such as head works, embankments, cuttings, bridges, aqueducts, falls or 
drops, etc., can be diminished in size and expense. In addition, locks 
to pass the falls would be required for navigation. 

Mean velocities exceeding 4 foot per second cause waves, which 
injure the banks in the greater number of canals, especially in sandy 
loam. 

An irrigation canal requires, for average soil, a velocity of at least 
2J feet per second. It follows, therefore, that when forcing its way 
against the current at the rate of 4 feet per second a boat is actually 
making headway only at the rate of li feet per second, and any attempt 
at higher velocities would injure the banks, so that, irrespective of the 
lofts of power the banks could not stand if there was quick navigation. 
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It therefore appears evident that for economical working and the safety 
of the banks, an almost still-water canal is required. 

Indian experience has rixed about 1^ feet per second as the maxi- 
mum velocity which ought to be allowed in a navigable canal. The 
small slope would increase the number of falls req^uired to overcome the 
greater surface slope of the country^ and in addition, the greater cost 
of all the other works would make the cost of a navigable canal almost 
double that of the channel required for irrigation alone. Again^ in a 
navigable channel^ a certain minimim) depth and width, for the passage 
of canal boats, must be allowed everywhere ; and the amount of water 
required for this minimum must be allowed over and above the 
quantity required for irrigation. 

The canal of Bemegardo, in Italy, is a notable example of the 
great difficulty of combining navigation and irrigation in the same 
channel. It is with difficulty, and only by the strictest measures, 
that the supply for navigation is secured during the summer, on 
account of the urgent demand for the water for irrigation. When 
boats are passing, the whole of the irrigation outlets, between each pair 
of looks, are necessarily closed, and, with the supply accumulated in 
the channel by this means, the passage is effected, though with great 
inconvenience, and with the stoppugo of irrigation from this reach of 
the canal during the time of the boat's transit. 

In his report on the Sutlej canal, Major Crofton, B.E., gives some 
of the items which cause an increase of cost for navigation. They are, 
the necessity of providing for a navigable communication throughout, 
which involves, besides lockage at the overfalls, increase of excavation 
in the form of tow-paths, and considerable additions to every bridge to 
give towing passages on either side, £is weU as extra height to afford 
headway for laden boats. Navigation appears to be satisfactorily 
combined with irrigation on the Madras canals, and here again, the 
small deolivities and low velocities come into their aid. In a report by 
Sir A. Cotton, on son>e of- the GtSddvari channels, he mentions a mile 
an hour (or 1*47 feet per second) as the maximum velocity which ought 
to bo allowed in the current of a navigable channel. Were this to be 
taken as the basis of the calculations for the Sutlej canal the cost of 
the works in excavation, and fallSf to overcome the superfluous slopey 
would be well nigh doubled. The latest information on the sub- 

i'ect of navigable canals, in India, is strongly in support of the above, 
n the llevenue Eeport of the Irrigation Department of the Punjab, 
India, for 1889-90, it is stated with reference to the Sirhind, or 
Sutlej canal, that : " On this, as on the other ii^rigation canals of 
Upper India, the cost of providing navigation is not likely to prove 
remunerative." This is conclusive 

34, The Alignment of Canals. — The first point of importance 

in the alignment of the channels of an irrigation system is that all of 
them shoTild, as far as may be possible, run on the watershed. In that 
position they both avoid interference with drainage and hold command 
the requirements of the Engineer, and, in almost all cases, the alignment 
of a main canal has to be determined by a balance of many consider- 
ations. One of the most weighty of these, of course, is the best position 
for the head-works : if there are several possible sites for these, the align- 
ment of the canal in its upper reaches is primarily determined by the 



21 

oost of the head-works and of the different routes which are possible. 
The highest site for the head-works may involve less depth of catting 
in the canal, but a longer channel : or it may neoessitate crossing heavy 
torrents or drainages which can be avoided by a lower head : or, it may 
require that the canal should be carried through an unculturable oountiy 
for a long distance before the fertile land is reached. The first reach of 
any canal drawn from a river is always unprofitable in itself, as it is 
necessarily in cutting, and little or no irrigation from it is possible. 
The problem to be solved in connection with it is the cheapest route 
by which it can be constructed, so as to deliver the water on the surface 
of the ground at a point where the canal can be carried along a main 
watershed of the tract to be irrigated. There are, of course, cases, such 
as that of a canal leading from a reservoir in hilly ground, or of one on 
the upper margin of a deltaic tract, in which the alignment of the 
canal must necessarily follow a contour^— or very nearly follow it — along 
the foot of the hilly ground. In such a case the alignment may be said 
to be marked out by nature : but in most other cases there is room for 
much skill an^ judgment in selecting the line for the first few miles of 
any system. *^ 

36. Canals and Channels.— The term ''Ganab" is usually 
appUed to the larger channels for the conveyance of water, otherwise the 
terms '^ Canals and ^^ Channels " are used indifferently. 

36. Purposes for which designed* — Canals or channels are 
designed to cirry water for — 

(1) Irrigation only, or for irrigation and navigation combined ; 

(2) Irrigation without the intervention of tanks or reservoirs, 

commonly called direct irrigation ; 

(3) Irrigation partly direct, and partly indirect ; or through 

tanks only ; 

(4) Navigation only. 

(5) Water-supply of Towns. 

The conditions, therefore, are very variable, and the design and 
arrangement have to be varied to suit them. Moreover, the conditions 
are in most cases constantly changing, as the quantity of water to be 
conveyed is diminished by the successive off -takes. 

37. Data for Design.— The information needed to enable a 
channel to be properly designed includes the following data : — 

(1) Levels. 

(2) Quantity of water to be carrieid. 

(3) Limiting velocity of current, an dependent upon the nature 

of the soil. 

(4) Limiting velocity and minimum depth in the case of navi- 

gable canals. 

(5) Extent and circumstances of the cross drainage, and disposal 

of surplus generally. 

(6) Maximum water-level, and, in connection therewith, the 

mioimum height of the channel banks. 
^7) Normal height of channel banks where no cross-drainage 
has to be taken into account. 



88« Levels.— The levels required are, first, the general levels of 
the whole area of eountry or g^und to be dealt with, so as to show its 
fall and the eofifiguratiofi of iht ground. Ufiually there are two main 

LiNES OF LEVELS FOR DETERMININQ COURSE OF GHANMELS 
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liuea of ineliiLation, the OAe in tho direction in which the mcx flow% Hb^ 
other trauav^eraely to the axis of the riveP) and this latter slope may be 
eithetr towards the river or, as in the case of delta or deltaio f onxiatioQA, 
away tl^^refrom. 

It is gfenerally advisable to take the levels in the first instance on 
lines of from 6 to 9 miles in length forming zigzags, the axis of which 
may be more or less parallel to that of the river, and the individual 
lines at right angles to the river from 30 to 45 degrees to each other, 
so as to nukke the salients from 4 to 5 miles apart. According to the 
extent of country to be examined, oko, two, or more sets of such zigzags 
' may be required. Fig. 5. 

Snoh levels may require to be supplemented by lines joining the 
salients, or by intermediate levels to show particular features of the 
ground. 

The data thus supplied will enable the best approximate line for the 
main channel, and also for such branches as may be required, to be laid 
down. A suitable distance apart for the back and fore staves in these 
general levels will usually be 600 feet, or 300 feet on cither side of the 
levelling instrument. 

In tibie next place, having settled the best apparent line for a channel, 
levels should be run along that line with readings at intervals of about 
200 feet, and a longitudinal section of the ground plotted therefrom ; 
also cross-sections of the ground should be taken at every station, or at 
every second or third station, depending upon whether the ground is 
more or less uniform in its slopes smd general features, extondinff to 
from one to two or three hundred feet on either side of the longitudinal 
election, and at right angles thereto. These data will suflfice for fixing 
the line of channel and plotting its cross section in due course. 

Longitudinal and cross sections of every stream and water-course 
crossed by the line of the channel should be taken and plotted on a 
suitable scale, on one or more sheets of paper, bearing the same plan 
number as the longitudinal section, so as to establish their connection 
therewith, and these sections should be numbered consecutively from 
the upper to the lower end of the longitudinal section. The longitudinal 
sections of the water-courses should extend to a somewhat greater 
distance, on either side of the line for the channel, than the cross sections 
of the ground ; and the cross-sections of each stream should be at least 
three in number, viz., one on the selected line for the channel, and one 
at either end of the longitudinal section, tiie limit of information 
being such as will allow the best point for taking the channel across the 
stream to be settled. The area of the catchment basin, or extent of 
country above the line of channel drained by each stream should be 
ascertained, and noted on the sheet of sections relating thereto, as aUo 
ou the channel survey and longitudiual section. 

39. Dimensions of Main Channels. — The dimensions of a 

main canal are primarily dctermiued by the ^ duty " of water during a 
period of pressure, and consequently by the qnantity of water which it 
. is necessary to pass oi^ ^ the land in a snort period of maximum 
demand. Mistakes have ^ot i^nfrequently occurrea by working on 
'^ duties'' based on the whole. ir]:igating season instead of on this 
period. It will be shown later how greatly '^ duties *' vary, and any 
particular case must be treated accordingly. As a general rulci main 
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oanals irriffating monsoon oropa should be oapable of canying a maxi- 
mom disonarge of one cubio foot per second for every 66 acres of that 
crop which it is intended to irrigate, and they should be oapable of 
carrying one cubic foot for each 100 acres of dry weather crops. The 
extent of land which can be irrigated may be determined either by the 
quantity of water available in the source of supply, or, when that quan- 
tity is abundant, by the area which can be commanded by the system. 
In some cases it is neld to be desirable to irrigate only a portion of the 
area which is commanded, while, in others, no restriction is imposed. 
Thus, in the Madras works, and in Orissa, water is thrown widely over 
the largest area possible, but in the North- West Provinces it is generally 
considered desirable to restrict the area irrigated to a certain proportion 
(varying from 40 to 80 per cent.) of the culturable area, and in the 
Punjab a smaller proportion is sometimes taken. On the Sirhind canal, 
for instance, only one- fourth or oven one-fifth of the culturable areas is 
allowed to receive water. This restriction is partly due to the desire to 
spread the available supply of water to as many parts of the district as 
possible for the benefit of the people, and partly because the light soil 
of Upper India is liable to become water-logged, and the spring level 
unduly raised, if irrigation is spread over all the area commanded. 
This evil is not feared in loss permeable soils ; in Egypt, for example, 
the whole face of the culturable land mav be said to be covered with 
water during a portion of the year. 

The dimensions of a main canal — indeed of all channels— are usually 
determined by the necessities of the monsoon irrigation, for it is 
during that crop that the largest quantities of water arc, in most 
cases, required. It is rarely wise, in those cases where the average 
supply available is greatly m excess of the minimum supply, to base 
the capacity of a canal on the former quantity, but rather to provide a 
discharging power only moderately in excess of the minimum. For, 
althougn the minimum may occur only at comparatively long intervals, 
it is, at the same time, when that minimum does occur that it is 
most desirable to be able to fully irrigate the area on which cultiva- 
tion from the canal is practised. If the discharge of the canal, and, 
consequently, the area aependent on irrigation, is based on the average 
available supply, it is inevitable that, in a bad year, the canal must fail 
to fulfil the anticipations of cultivators who have sown crops to the 
extent which the average supply may justify. 

40. Typical Sections of Indian Canals.— Typical sections of 

Indian canals are shown in Figs. 6, 7, 8. The particular form of 
cross-section suitable to any particular case can only be determined by 
a system of tiial and error, but the calculations may be greatly 
facilitated by the use of tables such as Jackson's ' Canal and culvert 
tables.* 
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Fig. 8. 

Where a oanal is in deep outiin^, oa in FigB. 6, 7, 8 and especially 
in light soils, it is necessary to make a eystem of drains on the inner 
bermB, or else the alopee will gntter bctdly : the drains on' the ground 
level can be either lea out through the spoil bank on to the fields or 
into the oanal. In the latter case it is nocessary to make paved 
masonry duots leading down the slopes into the canal. In 'Fig. 6 the 
case is shown where a canal is in embankment, and the cutting is 
insufficient to form the bank above ground level. In such oases it is 
sometimes made np by cutting silt traps below the canal bed. This is 
a good plan where there is much silt, but, if that is not the case, it is 
not a good plan, as there would be considerably increased loss of water 
by absorption, especially in porous soils. Under those circumstanoes 
side borrow-pits are better. 

When a canal is carried on side-long ground, one bank is sufficient 
to fofm the oanal ; many of the canals leading from the larger Bombay 
tanks are made in this way. Where the slope of thu groand is steep, 
this method is suitable, and, indeed unavoidable; but where the slope 
is gentle, the width of the canal at the water-line is necessarily great, 
and there is much loss of water from absorption and evaporation. 
■Considerable lengths of the Kumool canal in tlie Madras Presidency 
are made with only one bank, and in parts the side bank is as muoh as 






Fig. 10. 
50 feet in height : there are some miles of banks more tlian 35 feet in 
height. In most cases the banka are made of earth only ; in others of 
dry rubble walls, with a puddle core between them, faced on the water 
flide with a grayel slope covered with puddle and rubble pitching. 
Figs. 9 and 10. 

Branch canals and distrihutaries mnj be designed on the same 
general principles as main oanala : that is, that thej shall be capable of 
oanying the discharge which is necessary during the period of maximum 
demand. 

41. Irrigation Channels. — ^There are but vary few rivers in 
Madras, whioh have, throughout the irrigation season, such a supply 
as would suffice to keep channels running full : consequently, except in 
these few cases, in which the usual allowanco of water is one cubic foot a 
second for every 60 to 70 acres, it becomes necessary to carry more water 
than would otherwise be requisite, when available, and to store it either 
in the fields themselves or in tanks. The proportion of the whole supply, 
which Biuat be stored to ensure Bucncsaful cultivation, manifestly depends 
upon the ciroumstanocs of the river freshes at the point of off-take ; and 
this, again, is dependent uot only upon the natural ohaiaoter of those 
freshes, but also on the extent to which water may be drawn off above 
the place selected for the head of a new channel, or at which the head 
of an existing channel, which it is intended to improve, is situated. 
Reliable information as to the frequeiioy, extent, and duration of the 
freshes is therefore essential to the proper designing of a ohannel ; and 
this is obtainable either from tlie records of weirs or channels higher up 
or lower down the river, or from gauges established for the purpose at 
or near the site of the chanuel head under investigation. From the 
data thus obtained, the time within whioh a given quantity of water 
must be conveyed will bo dodueible, and the quaetity of water per 
second which the channel should carry will then be known ; e.g. : — 
Area to bo supplied . . . . . . . . 1 ,000 acres. 

Normal quantity- of water required . . . . 16 c. ft. per second. 

Month ID wliicti river is lowest during the season (September) in which 
the river contains sufficient water during six small ErosheB lasting three days 
each: 

Average supply dnrinif the intervals . . . . 5 c. f t. per second. 

Beqnired capacity of channel will be — 
18 a: = 80 X 16 — 12 X 6 = 420 
And X = *f^ = 28-33 onbic feet per second. 
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It may be assumed that storage in the fields themselves must be 
limited to cases in which the freshes during the season occur at intervals 
of not more than a week, and in which the quantity equivalent to a ten 
days' supply can be distributed over between six and seven days, when 
a discharge of one and-a-half times the normal will suffice for the channel 
For any great interval between freshes tank-storage will be needed, and 
the normal full quantity of storage required (for a 5 months' crop) 
may be taken to be 216,000 cubic feet per acre, while that required m 
any particular case will depend upon the quantities receivable from the 
tank catchment or from the river, and in the intervals between such 
accessions. The ordinary rule for the storage capacity required will 
be, taking z as the interval in days between the freshes, and 8 as the 
store in cubic feet : 



= 2,160 a X acres X nimiber of seconds in 



cf } 2 X 80 X 4K)0 X acres 

one day. 

And the capacity of the channel, if T be the duration in days of 
the freshes, Q the normal discharge, and Qi the required discharge, 
will be — 

Qi = ^\ * ^^ ; e,g,^ area to be supplied = 1,000 acres ; 

Interval between freshes = « . . . . =30 days ; 

Duration of freshes = ^ . . . . = 10 „ 

Normal supply = Q = 16 c. ft. per second ; 

^ ^ 45_x^ x^x lj)O0 ^ 45 ^ 1.44 ^iiii^^^^ 

= 64*80 millions of cubic feet ; 
Q _ 16 (10 + 80) _ g4 ^^^^^ f^^^ ^ second; 

^* 10 ' 

or, in this case, the capacity of the channel would need to be four times 
that requisite were the source of supply a stream with never less than 
the quantity of water required. It has been mentioned above that the 
normal supply for direct irrigation is, in the case of large canals, 1 cubic 
foot a second for every sixfy or seventy acres. This is a good and 
sufficient average for large areas, but when the latter are small^ the 
demand for water for preparing the land, and occasionally at other 
times during the season, is liable to be much in excess of the above 
allowance ; and it is desirable therefore as regards small channels and 
distributaries, to base the discharge which thoy should be capable of con- 
veying as a maximum, and whenever circumstances may render such an 
increase necessary, upon a sliding scale proportioned to the areas. The 
following scale may be taken as a guide, the normal area which can be 
supplied by one cubic foot a second being taken as 66 acres : — 
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Example, — The maximum discharge which a channel should be able 



to carry for the irrigation of 1,537 acres would be ^^^= 34'93 cubic feet 

a second, and 35 cubic feet would be a proper provision. The table 
should be used, not arbitrarily, but as a general guide, otherwise a 
channel for 100 acres would be arranged to carry 4 cubic feet a second, 
and 1 for 144 acres only 3' 80 cubic feet. About 4 cubic feet would 
be proper in both cases. 

The table is not intended to apply to the supply channels 'of tanks. 
The carrying capacity of such channels is determined by the quantity 
of water to be conveyed in a given time to the tanks. 

When from the sandy nature of the soil of the area to be irrigated 
or from other exceptional circumstances, the normal duty of one cubic 
foot a second requires to be reduced below 66 acres for large areas, the 
proportionate duty for small areas should be reduced accordingly. 

When circumstances admit of the maximum discharge being obtained 
by carrying an increased depth of water in a channel, this will oe a more 
convenient and economical arrangement ; and it is possible whenever 
there is sufficient head to spare at the head sluice. When this is not 
the case, an increase to the width of channel appropriate to the average 
or ordinary supply, will be necessary. 

42. Distributaries. — The variation in the discharge of a distri- 
butary introduces some new difficulties in the grading and section of the 
channel ; it is generally better to grade the channel, so that the surface 
of water, when running in low supply may be on the average about one 
foot above ground level. Slopes of distributaries are usually out at 1 
to 1, but where there is silt in the water the sides generally silt up to 
«lopes of about ^ or f to ] , so that it is best to base all calculations of 
discharge on these reduced slopes. These silt berms are a great pro- 
tection against percolation and absorption, and they should never be 
out away unless the discharge of a distributary is injuriously affected 
by them. 

In the Punjab the Government not only constructs the larger 
distributaries, but the minor channels are made from them into each 
village, so that the villagers never have to construct their own channels 
beyond the boundaries of their own ground. A " minor ^' is defined 
as a channel carrying less than 10 cubic feet a second : if a larger dis- 
charge has to be carried the channel is classed as a branch distributary. 
These channels in Bengal and in the North- West Provinces have gene- 
rally been constructed by the villagers themselves, or at the expense of 
the villagers who have rights of ownership in them. In Madras, whore 
rice is mainly cultivated, small village channels are rarely made, and 
the irrigation is effected by wide-spread flow from field to field. Under 
this system villages which are near the distributaries are well protected, 
but, in a time of pressure, those which are far from distributaries, and 
can only obtain water through intervening villages, are in a very 
unfavourable position. 

43. Limiting Velocity of Water,— In determining the velo- 
city of flow which can bo allowed, consideration has to be given to the 
question of silt deposit, of the scour of the banks, and, if the canal 
is to be navigable, of the impediment to traffic. It is usually con- 
sidered in India that a higher velocity than 2 feet per second, H 
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miles an hour, is undesirable in a navigable canal, and a velocity of 2^ 
feet a second is a marked impediment to boats towed by men or animals. 
If the canal is not to be navigable^ the most economical velocity, as 
regards the size of the channels, is, of course, the highest one which the 
sou will stand. On the other hand, a low velocity, with, consequently, 
a low surface slope, will shorten the length of the upper reach of the 
canal, and bring the water more quickly on to the surface of the 
ground. But low surface slopes and low velocities mean larger channels, 
and, if the river carries silt, larger silt deposits in the canal head. 
Here all the matters concerning silt which have been discussed in 
chapter require consideration. As a general rule the highest velocity 
which the soil can stand without erosion will be found the most 
suitable ; with the proviso that it is advantageous, in almost all cases, to 
increase rather than to diminish the velocity of the water as it advances 
from the larger to the smaller channels of the system, for this tends to 
carry forward to the fields the matters in suspension^ which are almost 
always beneficial. 

In irrigation channels it is necessary to limit the velocity of water 
in order to prevent the erosion of the bed and sides and the consequent 
alteration of the capacity of the channel, in addition to the greater or 
less damage which might result. Various authorities have given parti- 
culars of the substances which water at different velocities is capable of 
moving or carrying off, but it is more than doubtful whether such 
information is of any practical value, if only for this reason that the 
substances experimented on wore in a state of disintegration. It 
appears also that velocity alone is not a complete index of the action 
and power of water, and that volume is an important factor; for, if this 
be small, an effective attack or commencement of erosion may be 
impracticable, whereas with the same velocity and larger volume great 
effect may be produced. Small volumes, moreover, soon become satu- 
rated as it were with suspended matter, when the velocity is in excess 
of that which the soil can effectually resist, and such matter occasions a 
decrease of velocity. This result was very remarkably shown in the 
channels used for the silting process on the Nilg^iris : not only was 
the water, though running in channels having gradients as high as 
1 in 2 to 2 in 3, incapable of causing further erosion, but it actually plas- 
tered the channels with clay. Ordinarily for small channels running 
not more than 3 feet deep, suitable velocities will be — 

In alluvial soil 2 feet a second. 

In hard red soils 2^ feet a second. 

In compact gravelly soils 3 feet a second ; 

but the best guide will generally be the fall, velocity, and condition of 
the river and of the streams in the neighbourhood, as also of artificial 
channels if there be any. From these it can be ascertained what 
velocity is in excess of the resistance of the soil and to what extent, and 
a fair approximation to a proper limit will be obtained. 

44. Details of Channel. — The settlement of the details of the 
channel will depend further upon the fall or gradient which may be 
conveniently adopted eo as to deliver the water on to the lands, or into 
the tank to be supplied. The fall will always be less than the fall of 
the country, because at its head the channel bed will be below the 
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Bnrfaoe of the grouud, and generally considerably below that surface, 
while sooner or later it will be at, or slightly below, that level. Special 
considerations apart^ it is desirable to bring the bed of the channel as 
speedily as possible to that level at which the cutting will just suffice to 
form the banks to the height deemed necessary. This desired level may 
be secured, when the character of the country is non-deltaic, by carrying 
the channel approximately parallel to the river until the bed reaches 
the proper depth below ground^ aud then on a falling contour while in 
deltaic country the channel would be aligned to recede from the river 
until the desired depth below surface had been reached, and would 
then be contoured as oefore. 

The quantity of water to be carried, otherwise called the discharge, 
the limiting velocity, and the fall having been settled, the determina- 
tion of the other details has to be made. The next point is the gradient 
of the side slopes, which may vary from ^ to 1 in stiff clayey soils, to 
IJ to 1, or even 2 to 1 in sandy soils. The steeper the side slopes, 
provided they be stable, the less the excavation, and the cheaper the 
channel will be, bat it is not advisable to adopt steeper slopes than 
would be likely to stand, and when the cutting is in excess of 9 to 12 feet 
in depth, the selection of suitable side slopes becomes a matter of 
considerable importance. In the next place, the deeper the water, the 
smaller and less expensive will be the channel, so the velocity should 
be fixed as high as may be deemed quite safe. 

46. Best Form of ChanneL — ^The best or most economical form 
oi rectilinear sided channel is the half -square, or one with vertical sides 
equal, up to water-level, to half the bottom width, but this form 
Fig. 11, IS applicable only to rock or rocky soil so compact as to stand 
against all causes of disintegration. The best trapezoidal form is a 
semi-hexagon, Fig. 12, in which the width at water surface is double 
the bottom width, and equal to the sum of the side slopes : the ratio, 
however, of the latter is only 0*58 to 1, and the soil must be more than 
ordinarily compact to stand at this slope. For any given area, A, of 

waterway required, the bottom width is equal to V jigSo *^d ^^^ w*y 
given bottom breadth 6, A = '866 b {b + ^) = 1-299 6\ 

For any other trapezoidal form of channel, if w be the mean width of 
waterway, d the depth of water, b the bottom breadth, A the area of water- 
way, and n the ratio of base of slope to d the height of slope (Fig. 13). 

w = h + ipdy A = ipd. = d {b + nd) ; b =i — ^ — 
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46. Details of Full Cross Section.— So far the details of the 

waterway only of the channel have been under consideration, and it 
remains to complete the cross section. 

In the interests of economy, the side slopes above the water-lcTel 
should be as steep as the nature of the soil will aUow, because not only 
will the first cost be the smaller, but the expense of maintenance will be 
diminished the less the area of slope exposed to rainfall. In cutting, the 
soil above water-level will stand at an equal or smaller slope than below 
water-level ; but when the ground surface is below water-level, and the 
former has to be raised artificially to complete the waterway of the 
channel, some care will be needed to make this supplemental portion of 
the side slope stable, if the slope in cutting be at all btoep. It will 
usually be oest whenever the side slopes below arc steeper than 1 or 1^ 
to 1 to form a revetment of turf sods, and to consolidate the made soil 
thoroughly in layers the thickness of the sods, carrying up the two 
descriptions of work equally. With flatter slopes the sods may be 
dispensed with entirely, or laid flat on the slope, if the earthwork be 
properly consolidated. The slope should be carried up to 6 inches, as 
a minimum, above water-level. 

The next thing is to settle whether a berm should be provided 
between the top of the channel side slope and the toe of the inner slope 
of the embankment to be formed with the soil from the cutting, with or 
without any additional material from side cuttings. As a rule, in the 
case of smaU channels, when the top of the bank wiU not be more than 
9 feet above the channel bed, and the side slopes not steeper than 1 to 1, 
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berms may, with advantage, be dispensed with, so as to reduce the area 
of ground the drainage of whioh has to mn into the channel. When, 
however, the cutting is deep, berms are generally necessary, and need 
to be carefully laid out with a slope of about 1 in 15 away from the 
edge of the channel, and the drainage of these, and of the inside faces 
of the banks, should be specially arranged for, either by carrying it 
under the banks at a higher level than M.W.L. in the channel, or by 
conducting it into the latter at suitable intervals. It is of the greatest 
importance that, from the jBrst, all guttering of the side slopes, the 
formation of pot holes, etc., by drainage water, should be prevented, for, 
if once allowed to commence, very great trouble and considerable 
expense may have to be incurred to put matters right, and the efficiency 
of the channel may be materially afEected. 

47. Height of Channel Banks. — ^For channels, or reaches of 
channels, which receive no drainage, the margin to be allowed above 
fall supply or maximum water-level, if there bo any difference, need 
not exceed 2 feet, and should never be less than 1 foot. Half the depth 
of water, subject to the above limits, will be a suitable guide to the 
margin. When in cutting, a smaller mai^in than when in embankment 
will generally suffice. 

For canals the margins to be allowed are — 

1. When the discharge is 750 cubic feet a second, or more, 3 feet. 

2. When the discharge is less than 750 cubic feet a second, 2J feet. 
When the berms are wide and below full supply level, it is often 
necessary to provide inside banks to confine tne water to the proper 
waterway, and, for such banks, which are also useful as towpaths, a 
margin of 18 inches will be ample if the main banks in rear be retained. 

When channels receive drainage, the margins must be allowed above 
the maximum water-level at which the surplus works may be designed 
to dispose of the drainage, which level will regulate and fix the 
maximum in the channel. 

48. Width of Top of Channel Banks.— The top width of 

channel banks should be sufficient to admit of an easy passage for the 
purposes of inspection. Four and-a-half feet may be taken as a suitable 
width for small channels, and, except for these, 6 feet will be more 
suitable. For such widths, at least, in the case of wider banks formed by 
depositing spoil, the surface should be made and kept in good order, 
with a slight transverse slope towards the outside. The banks of canals 
should be from 6 to 9 feet in width. 



49. Mile, and Intermediate Stones or Posts. — On every 

canal, and on every channel, there should be milestones or, where stone 
is exceptionally costly, posts ; and, between these, smaller stones or posts 
which need not project more than 3 or 4 inches above the ground-level. 
These intermediate stones should not be farther apart than one-eighth of 
a mile and it is better to place them at half that interval, so as to have 
a bench-mark at every 330 feet. When a channel is about to be newly 
made, the stones should be set up immediately after the centre line has 
been finally settled and lockspitted, and when there is a berm above 
water-level, the stones should be placed on the berm near the toe of the 
bank : otherwise the ground near the toe of the outer slope of the bank 



will be a suitable pomtion. Unless the artificiul bank be an old one, and 
thoronghlj oonsolidated, these stones sbonld not be placed thereon, even 
when &e alternative position on the outside of the bank may seem to be 
^mewhat iDoonvenient. Can shonld be taken to fix the stones bo as 
to obviate all risk of disturbance. In some soils all that is necessaiy is 
to plaoe a sufficient length below ground and to tamp the fillinz-in 
thoroughly ; in other soils the hole may be made 3 feet square and t&en 
filled in with gravel well wetted and tamped, while in some soils, e.g., 
black cotton or whitish sand; loam, nothing but a bed of concrete will 
render the stones secure. 

Suitable patterns of mile, and intermediate stones are shown in 
figs. 14 and 15. It is not neoessary to drees the stones, except at the 
table for the figures and for the seat of the levelling staff, while as 
regards the part below ground some irregularity is an advantage. 
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60. Cattle Crossings. — Whenever it is necessary, owing to the 
alffienoo of bridges, to allow cattle to cross canals or important channels, 
it is requisite that the places where such crossing is to be permitted 
should be selected, and that proper arrangements for facilitating the 
traffic and preventing injury to the channels should be made. The 
simplest cases are those in which the soil is good, the water so shallow 
as to be fordable, and the water-level below that of the ground: then 
nothing more is required than the removal of the banks for a length of 
from 20 to 30 feet, according to the number of cattle to be aocommc- 
dated, the soil removed being placed on either side of the approach to 
help to direct the cattle to the crossing : the flnttening of the sicle slopes 
of the channel to not less than 4 to 1, and the laying down of some 
gravel or small stone from the top of one slope across the channel to 
the top of the opposite slope. 



CANAL CATTLE CROSSING 




BATTER OF REVETMENTS^ TOI. 

Fig. 16. 

Wlion The depth of water is so considerable that the cattle maat 
swim, the difficulty is not great it the current he but slight ; the width 
of the crossing has to he increased to from 40 to 50 feet, and that 
is all. {Fig. 16.) 
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If, however, the current be strong, the difficulty of laying out an 
efficient crossing, and of getting it worked properly, is great, for the 
cattle will land on the one side some distance below the point of 
departure on the other side, this distance varying with the strength of 
the current and the width of the canal. It follows that either the width 
of the crossing must extend over this full distance, and that the cattle 
must be made to start from the upper end of the ramp on the off-take 
side, which is a matter of difficulty ; or the crossing may consist of a 
double ramp on each side, parallel to the axis of the canal, the one part 
pointing up and the other aown -stream, and the lower endjs of each pair 
of ramps being sufficiently far apart to ensure the cattle, starting from 
the up-stream ramp on one side, landing at or above the down-stream 
ramp on the other side. 

The approaches to cattle crossings should always be fenced, and in 
seleotiug and forming the fencing it should be remembered that the 
fences require to be very strong. The best and cheapest form of fence, 
when once established, is the common aloe planted on a bank 2 or 2^ 
feet high and 2 feet wide at the top ; the lines of aloes should be carried 
in continuation up the slopes of the canal banks, and across the berms. 
On navigation canals special provision will usually have to be made by 
means of a light foot-bridge, stilts or swing gates, or otherwise, for the 
passage of the towline and the men. In some cases the ordinaiy Y fork, 
used by the natives to allow of the passage of men through field f enoes, 
will meet all requirements, especially on non-navigable canals. 
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CHAPTER IV. 

HEAD-WORKS AND ANICUTS OR DIVERSION WEIRS. 

61 • Head-works. — One of the moet important matters to be 
settled in oonnectiou with any irrigation project is the proper site and 
the nature of the head-works. These consist of — 

(1) The weir or anient across the river. 

(2) The uuder-sluioes in the aniout. 

(3) The regulator or head sluice, at the head of the canal for its 

control, and, if the canal is to be navigable. 

(4) The head-lock from the river to the canal. 

Sometimes to these are added river training or regulating works for 
the protection of the banks of the river above and below the anient. 

The selection of the site of the head-works is often a matter of 
considerable difficulty. The problem is generally to find the best site 
on a given river in order to command as large an area as possible. 

The ideal spot for the head-works of «n irrigation system would be 
the place where the river emerges from the hills. At Euch a point the 
slope of the country and of the stream is steep, making it possible to 
conduct a canal thence to the irrigable lands with the shortest diversion 
line. Moreover, the width of the channel of the stream is generally 
contracted, and it flows through firm soil or rock, thus permitting a 
reduction in the length of the weir and in the cost of its construction 
and maintenance. As one of the principal objects of the diversion 
weir is to raise the level of the water and force the water into the canal 
head, one of the controlling factors in determining the site of the head- 
works is the height of the weir. This again is dependent on the effect 
of various weir heights on the location and the cost of the remainder 
of the head-works and of the diversion canal ; also on the flood dis- 
charges, amount of sediment carried by the stream, the foundation, 
the depth of water in the canal, and other factors. 

It may, however, be taken that the most suitable position, as a 
rule, for head-works of a canal system of irrigation is on a portion of 
the river where the channel is straight, the velocity uniform and the 
sectional area of the stream fairly constant. A narrow gorge of a river 
appears to have the advantage of cheapness, but it may be the most 
expensive on account of the greater velocity and greater depth of water 
which produce a stronger frictional action on the works, and necessitate 
heavier materials and stronger work. Again, when the volume of flood 
water occurring in the stream is great, it is sometimes necessary to 
locate the head-works at a point where the width between banks is 
greatest, in order that the depth of water flowing over the weir may be 
reduced to a minimum and danger of its destruction reduced accordingly. 
While such a site may be the most permanent, it is also usually most 
costly for construction. The site of tbe head-works should be such that 
the most permanent weir can be constructed at the least cost, and yet the 
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works should be so situated that the diverting canal can be conducted 
thence to the irrigable lands at a minimum cost. The placing of the 
head-works high up on the stream is usually antagonistic to the last 
objecti since it generally results in heavy rock cutting and difficult 
construction until the canal gets away from the river banks. 

In the case of irrigation projects in deltaic tracts there is usually 
but little option in these lection of a site for the head-works ; if the 
areas lying between the various branches are to be irrigated, the anient 
must necessarily be at the point where the branches leave the main 
stream. 

Too careful attention cannot be given to an examination of the 
stream at th^ point of diversion. Soundings and borings should be 
made to ascertain the depth of water and character of the foundation. 
The velocity of the stream and its flood heights shoald be studied, as 
should the material of which the banks are composed. Where possible, 
a straight reach in the river should be chosen for the site of the head- 
works m order that the stream shall have a direct sweep past them, thus 
reducing to a minimum the deposition of silt in front of the regulating 
gates. If possible, a point should also be chosen where the velocity in 
the river will not exceed that in the canal, so that the deposition of silt 
shall be further reduced. 

It should be borne in mind that the head-works of a canal are the 
most vital portions of its mechanism, and that through them the 
permanency of the supply in the canal is maintained, and any injury to 
them means paralysis to the. entire system. 

62. Anicnts or Weirs.— Anicuts, or weirs, are dams built across 
rivers to divert water into canals or channels. Their height, form and 
arrangement depend upon the level at which the water should be turned 
into the channel, the nature of the river bed, and that of materials 
available. Weirs are also used to raise the water-level in a river, or 
canal, and so increase the depth, or diminish the current, for navigation 
purposes. 

It is not, in all cases, necessary to construct a permanent weir, as 
it may be possible to divert the water from the river to the canal by 
means of temporary spurs, constructed right across the river when very 
low, or thrown out for some distance into it when it is not necessary, or 
possible, to draw off the entire discharge. But this method is generally 
only practicable when the river is a fallow one and the banks low, as 
otherwise the canal would have to be in very deep cutting ; and it can 
only be employed where the bed of the stream is narrow and either 
in boulders or rock ; in broad rivers with sandy beds the annual cost 
of the spurs would be very great and it would be impossible to construct 
them in time to ensure a constant supply. 

At the head of the Ganges and the Jumna canals there are no 
permanent diversion works, the water being turned into the canal head 
by means of temporary structures of bouldei's, or by means of training 
the water of the river so that it shall flow directly against the canal 
head. 

There are several well-known dangers which threaten all river, 
weirs. There is, first, the danger of the weir being breached by the 
actual force of the current sweeping the material of the structure away. 
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A second danger to which river weirs are expoeed is that of being 
breached bj water flowing below them and undermining the fouodation. 

A. third danger is that a weir may be oat*flanked by the water in 
the river. This is most likely to ooour in rivers with friable banks and 
especially when the course of the river above the weir is not straight and 
shows signs of change. 

A fourth danger to which weirs across large rivers are subject, is that 
of parallel currents. These currents geuerally threaten tiie front face of 
a weir ; they tend to undermine the foundations and thus breach the 
weir. 

Another of the dangers which threaten some river weirs, and whioh 
may be a serious onci is that of a retrogression of levels in the bed of 
the river below the weir. In certain portions of a river coarse, after 
it h&s emerged as a torrent from the hills, the velocity of the water is 
too great for the soil, and an action is continually going on which 
generally deepens the level of the bed, and reduces the surface slope, 
until the velocity is suitable to the soil in which the river flows. If a 
weir be constructed across a river in which this action is in progress, it 
stops it at and above weir by forming a bar to further cutting of the 
bed at that point. But the cutting action below the weir is not checked, 
and the bed of the stream is gradually cut away, it may be at a slow rate, 
but still by degrees the head on the weir is increased and the toe of the 
apron of the weir is attacked. 

63. Camponent parts of Anicats.— Anicuts of modem design 

consist of (1) a crest or body wall to retain the water at the desii^ 
level ; (2) horizontal aprons of masonry, concrete, or uncemented atone 
with a retaining wall at the lower edge, and, in case of rough stone 
aprons of considerable width, with intermediate bind walls parallel to 
the erest wall ; <3) an outer or lower apron, usually horizontal or nearly 
so, beyond the retaining wall ; (4) an apron, with or without groynes, 
on the up-stream aide of the crest wall to protect its foundations from 
scour ; and sometimes (5) banging or trailing groynes, projecting from, 
and at right angles tO| the outer edge of the lower or outer apron, to 
direct the course of the water down-stream. It is usual also to provide 
(6) a set of imder-sluices to prevent the silting up of the river bed 
at the head of the off-take chaimel ; and if there be such a channel on 
each side of the river, under-sluices are required at each end of the 
weir. In cases in which the construction of a permanent anient, of 
sufficient height for irrigation or navigation purposes, would involve an 
undue or dangerous raising of the flood level, a greater or smaller extent 
of the length of the weir is made movable, so as to leave the water-way 
at such parts unobstructed when the river is in fresh ; (7) wing walls 
to connect the weir with the river banks, and, when the latter are not 
above the maximum flood level, with flood banks, or with the channel 
head-sluices. 

64. Crest Wall.-— Tliis waU needs to be securely founded, and so 
oonstruoted that no material leakage may take place near the level of 
the surface of the river-bed, if this be of deep sand ; and no leakage at 
all, if the wall be founded on rock or on clay. 

The simplest form of weir is that requii'ed when the bed of the river 
consists of solid, or nearly solid rock, of sufficient hardness to withstand 
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the aotion and impact of the water. Then the details t6 be settled are 
the thiokness of the top of the wall, which should be sufficient to prevent 
the coping being easily displaced by floating logs or debris ; and the 
consequent thickness of the base of the wall^ which is usually fixed by 
giving a batter of from 1 in 6 to 1 in 4 to the rear face, and the width 
of the wall at base is then dependent upon the height at each part. 
The mean thiokness should not oe less than one^hird of the height, e.g., 
for a height of 20 feet, a top width of 6 feet, and batter of 1 in 6, would 
give the least mean thickoess allowable^ and a batter of 1 in 5 would be 
preferable generally, as giving not too strong a wall for the height 
named. On the other hand, for a height of 10 feet, a wall so arranged 
would have a mean thickness of 6 feet, or three-fifths of the height ; 
consequently, when the rooky bed of a river is of very variable level, 
it will be economically advantageous to strengthen the crest wall, where 
high, by offsets on the front face, and to reduce the batter of the rear 
face. The rock should always be benched or dressed level for the full 
width of the wall-base : the length of each bench at this level may vary 
from a foot upwards according to circumstances. 

If the river-bed be sandy, and if the depth of the sand be not more 
than 12 feet, with clay or impervious soil below, it is desirable to put in 
concrete foundations laid at 1^ feet, as a minimum, below the surface 
of the impervious soil. With deeper sand than 12 feet, it will be more 
economical, and it will save time, which is often of great importance, to 
found this wall on wells. In that case, the crest wall would consist of 
three parts, viz., wells from not less than 12 feet to 3 feet below the 
surface of the river-bed, masonry foundations above the wells to the 
latter level, and the crest wall proper above that level. The form of 
the crest wall will differ somewhat, with horizontal and sloping aprons 
respectively. For the former it should be of the same thickness as for 
a wall founded on rock, and it should have a batter on the rear or down- 
stream face. With a sloping apron the top width will be fixed as may 
be convenient for use as a foot-path, etc., and both faces may be vertical. 
Kg. 17. 

The level of the crest of the wall should always be somewhat higher 
than the full-supply level in the offtako channel ; the exact amount of 
difference will depend upon the relation between the area of water-way 
of the vents of the head-sluice and that of the channel supplied. It is 
but seldom necessary to make the anient crest higher than 1 foot above 
such full-supply level, and often much less will suffice. 

The dimensions of the coping stones are dependent upon the chnracter 
of the'river, the velocity of the water, and the liability to logs or trees 
beinfi; brought down by floods. Generally, the length of the stones 
should be of the full width of the crest, when this does not exceed 
5 feet ; the width should be not less than a foot, and the depth of the 
course not less than 8 inches. At anicuts across large rivers, coping 
stones of 10 cubic feet are none too large. The upstream top edge of the 
stones should be rounded, or bevelled at an angle of 45 degrees with not 
less than 4-inch sides to ^e bevel, to lessen the risk of trees being fixed 
by their branches on the crest. 

66. Horizontal Masonry Apron. — The proper width of the first 

apron, if horizontal, is dependent upon the depth of water passing over 
the anient before the tail water rises to the crest level, and upon the 
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velocity of the water, or, as it is called, the velocity of approach. The 
latter is convertible into head or depth, and the greatest distance from 
the crest wall at which the water can strike the apron is ascertainahle 

by the equation x = 2 V (^ + A) H, in which a? is the horizontal 
distance on the apron, d the depth of water on the crest, h the head due 
to velociW of approach, and H the height of the crest wall above the 
horizontal apron. In practice the width of this apron should be not less 
than doable the distance so found, and not less than twice d + h + H., 

The thickness of this apron must be suiRcient to stand the impact of 
the water. Two feet may be taken as the minimum thickness for small 

depths of water and weirs of low elevation, and 2 + - — so" ^^ ^® 

an approximation to the proper thickness, generally with 4^ feet aa the 
limit, which is a suiHcient thickness in any case in which this form of 
weir would be suitable. The surface of the apron should be made of 
material able to withstand the cutting action of the water with the sand, 
gravel, etc., with which it is mixed when a river is in considerable fresh. 
Hard stone is the only really suitable material, and it should usuall;^ be 
one foot thick with the vertical faces dressed so as to make thin joints. 
It is best to lay the stone with its length parallel to the crest wall. 
Concrete is the most suitable material for the apron below the surface 
stone. 

66. Betaining Wall.— The retaining wall to the apron is a very 
important part of the work. It should be substantial, and should be 
founded at a level considerably below the foundations of the crest wall 
in sandy beds, or whenever there is not a bed of compact or tenacious 
soil to make it unnecessary to go lower. In the absence of such soil, 
well foundations will generally be essential. The top of the retaining 
wall should be at, or somewhat below, the level of the deep bed of the 
river. It is a great mistake to place it higher, as a retrogression of level 
in the river-bed is a nearly invariable result of building a weir. 

67. Sloping Aprons of Masonry or Concrete.— General 

Mullins considered that sloping masonry aprons should be curved 
(Fig. 18) and that such curve would discharge the water at the foot 
of the fall in a horizontal direction, and with a velocity closely approxi- 
mating to that of water falling vertically from an equal height. They 
would get rid of impact, and the curved apron could be efficiently 
constructed with concrete whenever, as is very generally the case in 
Southern India, stone or nodular lime of excellent quality is obtainable. 




Fig. 18. Ogee oarve. 

6 
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This form is termed an ogee ourve and may perhaps be best under- 
stood from the accompanying diagram Fig. 18. Bisect AE, and from 
the point of bisection at A draw a perpendicular cutting the perpendi- 
cular let fall from A at G. Join QE and prolong this line until it cuts 
the perpendicular projected on B at D. From the points and D as 
centres^ draw the curves of the ogee. 

bB = 5:^ . . AE = ^. 
3 ' 3 

This opinion, however, does not appear to have been proved by 
actual experience. On the G-anges canals nearly all the falls were 
ori^nally built on what is called the " Ogoo " shape, with the idea of 
delivering the water at the foot of the fall without any shock on the 
floor. The crests of those falls were at the upper canal bed level, and 
were usually of the full width of the canal and sometimes even wider ; 
when a large discharge was passing down the canal the effect was to 
increase the velocity in it, and to decrease the depth of water for a 
considerable distance above the fall, so that the velocity of approach 
at the weir crest was great. The velocity increased of course as the 
water ran down the " Ogee " and the friction on the slope was enor- 
mous ; the shock on the floor was reduced, but the friction did as much 
damage as the shock would have caused, and the velocity was so great 
that a standing wave was created below the fall, and the washing of the 
banks was considerable. These ogee falls have given endless trouble ; 
they were constructed in brick and the lower slopes were constantly 
torn up : ashlar was substituted in some cases at considerable expense. 

68. Slopine Aprons of Bou^^h Stone. — The usual gradient for 

anient aprons of unccraentod stone is 1 in 8 or 1 in 9. The lower por- 
tion, ue.j the part below the surface stone, may be composed of stone of 
all sizes, with a proportion of quarry rubbish. It should nowhere be 
less than 3 feet in depth below the surface stones, and usually, from the 
subsidence of the stone put in during the first season, it will be thicker. 
In estimating, the allowance for this part of the work between the crest 
and retaining walls should not be less than for an average thickness of 
4 J feet. The surface should be formed with large stones of from li to 

2 tons weight, and should be packed with the length of the stone, which 
should not be less than 2i feet, at right angles to the slope. The 
rougher the actual surface the better, as thon the velocity with which 
the water will pass to the outer apron beyond the retaining wall will be 
the lower, and the action of the current on tliis outer apron, and on tlie 
river bed boyoud it will bo reduced to a minimum. The gradient of the 
upper part of the slope may bo made steeper, and of the lower part 
flatter than the average, l)ut it is not desirable to allow a steeper slope 
than 1 in 6 for the former. 

When the horizontal width of the slope exceeds 40 feet it will be 
desirable to insert a bind wall half-way between the crest and retaining 
walls. Its function is to limit the area of disturbance of the surface 
stones, should any of those get displaced. It should not be less than 

3 feet in thickness, and a depth of 4 to 5 feet below the surface of the 
slope will usually suffice. If the width of this apron exceeds 75 feet, 
two bind walls, at intervals of 25 feet, will be needed ; and generally, 
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suqh walls shoald be inserted at from 20 to 30 feet intervals, whatever 
may be the total width of the sloping apron. The retaining wall at the 
toe of both sloping masonry or concrete, and sloping rongh stone aprons, 
should be constmcted in the manner indicated for an anient with a 
horizontal masonry apron. 

59. Outer Bough Stone Apron. — ^The object of this apron is the 

full and complete protection of the retaining wall, and, both as regards 
depth and width, the dimensions allowed must be ample for this purpose. 
The size of stone to be provided or prescribed will depend upon the 
velocity of the water. This at anicuts with a vertical fall will bo but 
little more than the natural velocity of tho river, and consequently with 
anicuts of this type, the needful width and the size of stone for this 
apron are the least. The minimum width admissible may be taken to 
be 24 feet, and generally it will bo proper, subject to this limit, to make 
the widths not less than for — 

Anicuts with vertical fall .. .. .. 2(d + h + H) 

sloping masonry apronn .. 3 (d + h + H) 

rongh stone aprons •• 2^(d-|-h + H) 






Three feet may be taken as the minimum thickness and 6 feet as 
the maximum. The surface stone for one-third of the width from the 
retaining wall shoidd not be smaller than about 4 cubic feet. In the 
first instance the best way to form this apron is to clear away the bed of 
the river to 3 feet below the top of the retaining wall for two-thirds of 
the full width of the apron, and to throw in a bank of stone with its top 
about 3 feet higher than the wall, the highest line being at 5 or 6 feet 
from the wall with a rough slope towards the outer ^dge. The first 
fresh will cause considerable settlement and widening, and in the second 
season the material can be adjusted to the normal level and dimensions. 

60. Water-cushions.— -The principle involved in the water-cushion 
is that which nature has laid down for herself on all natural falls, 
namely) that of having a deep enough cistern below the fall to take up 
the shock of the falling wat^ and reduce its velocity to the normal. 
It has been noticed below cataracts and falls, for instance, that they 
erode a cistern the depth of which bears a certain relation to the height 
of the fall. The method of constructing a water-cushion is not to 
excavate such a cistern below the weir, but to create a corresponding 
depth by building a subsidiary weir below the upper weir. This subsi- 
diary weir backs the water up against the lower toe of the main weir to 
the required depth, at the same time practically reducing the height of 
the subsidiary weir. 

It is difiioult to find any set rule for determining the depth of 
water-cushion for a given height of fall.. From observations of several 
natural water-falls it has been discovered that the height of fall is to the 
depth of the water-cushion as from 5 or 7 to 1. In an experimental fall 
constructed on the Bari Doab canal in India it was found that, with a 
height of fall to a depth of water-cushion as 3 to 4, the water had no 
injurious effect on the bottom of tho well. On canals where tlie height 
of fall is not great it is considered that tho depth of the wate r-cus hion 

may be approximately determined from the formula D ?= c >y^ A' /i/~d^ 
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in whioh D ropresents tbe dopth of the watcr-oushion below the orest of 
the retaining wall ; c is a co-efficient, the value of which is dependent 
on the material which is used for the floor of the cushion and varies 
between '75 for compact stone and 1*25 for moderately hard brick ; h is 
the height of the fall, and d is the maximum depth of water whioh 
passes over the crest of the weir. The breadth of the floor or the bottom 
of the cistern of the water-cushion parallel to the stream channel is 
dependent on the section of the weir and will not exceed 8 d and should 
not be loss than 6 d. A rule laid down for determining the dimensions 
of water-cushions and their oisterns on the smaller canals in India is 
that the depth of the oistorn at the foot of the weir shall equal one-third 
of the height of the fall plu^ the dopth of the water. Thus on a fall 4 
feet deep on a canal carrying 5 feet of water the cistern depth will 
equal -J. (4 + 5) = 3 feet. The minimum cistern length is equal to 
three times the depth from the drop-wall to the reverse slope of the 
cistern, whioh latter will bo I in 5. The width of the cistern must be 
twice the mean depth of the water in the channel. 

61. Apron and Groynes above Crest Wall. — ^Usually it is 

necessary to protect the crest wall on the up-stream side from scour along 
the face. The best way of doing this is to throw in a bank of stone, 
whioh may be of moderate size, up to 2 oubio feet, and quarry rubbish. 
At the junction with the wall the bank may be from 3 to 5 feet below 
the orest level, and it should slope at about I in 5 to the river bed. 
-Snoh a bank will ordinarily be a sufficient protection against 
currents induced by the action of the under-sluices, but when the 
riyer current is made, by the formationi of sand banks or otherwise, 
to approach the anient at an angle (other than a right angle) a 
greater development of this protection than that above indicated nay be 
required. 

The use of grojmes above an anient is sometimes attended with risk, 
unless great oare be taken to prevent their being breached, and with 
the formation of holes on the off-side. Their action is similar to that 
of small weirs, and consequently it is necessary to provide them with 
a small apron on the side against which the current sets, and with 
mnch wider aprons at the nose or salient and on the off-side. They 
should when used be kept as low as possible, and their action should be 
carefully watched. 

At the outer up-stream wings of under-sluices groynes are neces- 
sary in all cases when the bed of the river is sandy, and they need to be 
of considerable length, say, twice the length of the set of sluices from 
abutment to abutment, as a minimum. The current will necessarily be 
rapid, and the groynes themselves should be substantial and the aprons 
wide and about 3 feet thick. The groynes should be founded at abont 
3 feet below the under-sluioe sills. 

82. Principal types of Aniouts— 

(1) That in whioh the water passing the crest is dropped at once, 

or by steps, on to a honzontal apron or on to rook. 

(2) That in which the water is lowered by means of a curved 

apron to the level of the river bed. 
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(3) That in which the water rans down an inclined plane with 
a uniform slope ; or down a series of two or more planes, 
the slopes of which decrease from top to hottom, 

63. Sunkesala Weir. — Au example of a weir on a rookj bed, 
and where the water passing tho crest is dropped at once on to rock ie 
the one across the Tuugabhadra at Suiikesala in Kuruool. The weir 
forms the head-work of the Knruool canal, which was constructed by the 
Madras Irrigation and Canal Company in 18f>6-70. Ithaaatotallength 
of 4,500 feet clear overfall ; the average height of it ia 18 feet, but it 
varies from U feet to 26 feet in different parts of the river bed. The more 
lofty parts of the weir have the section as shown in 1<^. 19. In these 
parts the wall is of solid gneiss mbble masonry faced with limestone 
aahlar ; the np-stream side of the wall has a batter of 1 in 4, the down- 



stream face being vertical. The lower parts of the weir have the same 
width of crest, but both faces of the weir wall are stepped to a batter of 
linS; and in those parts the walliseitherof rubble masonry, or of gravel 
concrete with gneiss mbble facing. The whole length of the weir ia 
coped with limestone 12 iQchcs thick, every alternate stone beii^ 8 feet 
long and weighing about IJ tons. The rock of gneiss and trap, on 
which^e weir b built, appeared perfectly hard and sound at the time 
the weir was erected, bnt it was subsequently found that the force of the 
soonr was sufficient to dig out several deep holes in the rock and theeo 
have had to be built up with masonry in oement. 
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64. Jntoor Weir.— I'he Jutoor weir, Fig. 20, on the Kurnool 
oanal ie built across the Kali river-, which has a bed of soft shale. 
The weir ia 6 feet broad on the crest, has a batter of 1 in 4 on the ap- 
stream side and is vertical on the down-stream aide. Below the weir an 
ashlar floor of limestone is laid to pn)teot the ahale from the scoot of 



Fig. 30, Jutoor Wair, 



the overfall, 'i'he floor, wliioh ia recessed below the river bed, ends in a 
dwarf wall, so that a water cushion is formed which aids in the protec- 
tion of the floor. Experience has shown tliat in this case the length of 
the floor is inBuffioient. The weir is protected on Uieup-atream side by 
a bank of broken shale reveted with shingle. 

66. Sl^Taiknntam Aniont. — ^Figs. 21 and 22 show the sections 
of an anient built across the Tatnbrapami river in Srivaikuntom. 
'I'hia anient is 1,380 feet in length between wing walls; — its oteai is 
6 feet above the average level of the deep bed of the river, and has 
a width of 7\ feet ; there is a front slope of ^ to 1, and in rear a 
perpendicular fall on to a cat-stone apron 24 feet wide and 4g- feet in 
depth ; hojond there is a rough stone apron of the same depth and 36 
feet in width, protected bj a retaining wall. The foundations of the 
body of the work and of the out-stone apron in rear are of brick in mortar, 
laid on wells sunk 10^ feet in the aand, and raised 4^- feet above the 
wells, inolndiDg the cut-atone covering ; the retaining wall is bnilt of 
atone in mortar, also resting on a line of wells sunk to the same depth 
of lOJ feet. The body of the anicut is of brick in mortar, faced 
throughout with cut-atone, and ia furnished with a set of under-eluicea at 
each extremit)' of the work to let oS aand and surplus water. Each 
set of sluices consists of nine vents of 4 feet width each, lina^ with 
cut-stone. It was originally intended to have three more similar sets 
of sluio^ at equal diatauoes throughout the work, but, with the Ejstna 
anicut, as an example, the int«rmediat« sloioes were dispensed with. 



48 

Other examples of tbxB type of weir, whicli was the one usually 
adopted bj tho Natives for the Dumorous weirs ooostiuotod by them in 
Soutbem India, will be found aoross the Goleroon, the Vellir in South 
Aroot, the PAlir and the Poiney in North Aroot, the KorttaJaiyir and 
other rivers. Examples of this form of anicut adapted to different 
oiroumstauoes are shown in Figs. 33 and 24. 



Fig. 23. Goleroon Aniont. 



Fig. 24. Sfaatiatope Aciont. 
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66. 06ddyari Aniont.-«The GhSddvari anicut is an exoellent 
example of the second type on a large scale. It is well suited to the 
conditions met with and has, as regards both first cost, and expense of 
maintenance, been found to be economical. The general arrangement 
of the cross section is found in Fig. 25. 

At the time when this work was undertaken, there was no weir in 
existence across a riv^er of the width and capacity of the 66d&yari. 
This river issues from the hills at a distance of about 60 miles from the 
sea ; between that point and the coast the fall of its bed is very irregular, 
it yarias from 3 feet to as little as 4^ inches in a mile, the average fall 
being between 5 inches and 6 inches. The rise of the floods at the point 
where the river issues into the plains is as much as 38 feet, and at the 
site of the weir the rise is 27 feet or 28 feet. The bed of the river is of 

{)ure sand. The G-6d&vari weir is built in four sections, the united 
ength of which is nearly 12,000 feet ; three islands in the bed of the river 
divide these sections from each other. Across t&ese islands earthen em- 
bankments are constructed aggregating more than 6,000 feet in length. 
These connect the four separate portions of the weir. 

The original idea for the weir contemplated a vertical drop wall 
with an ashlar floor below, but this design was abandoned in favour of 
that shown in consequence of the difficulty in obtaining skilled workmen 
to execute it. The main wall of the weir is founded on circular wells 
which are 6 feet in diameter, and are sunk 6 feet in the bed of the river. 
The main wall itself is only 4 feet thick at the base, and 3 feet at the top. 
Over this there is a solid masonry flooring, 47 feet in width, of which 19 
feet are horizontal, and 28 feet sloping and slightly curved in section. 
This floor terminates in another row of wells similar to those under the 
main wall. The masonry floor consists of 4 feet of masonry covered 
with cutstone strongly clamped together. Below the lower row of wells 
there is an apron of rough stone pitching which varies in width, but is 
generally about 70 feet or 80 feet. The body of the first section of the 
weir, between the two rows of wells, rests on a core of sand which was 
thrown into place wetted ancT ranmied. The second section is very 
similar to the first, with the exception that the front wall is founded on 
. a mass of rough stone which extends under the body of the weir in the 
place occupied by sand in the first section. The apron is strengthened 
by a bind wall of masonry, 4 feet by 3 feet, which is carried longi- 
tudinally through the length of this section of the weir. The third 
and fourth sections are generally similar to the first one, but the fourth 
section is rather stronger, the masonry is a few inches thicker and the 
front slope is protected by a rough stone apron about 6 feet or 7 feet 
wide, which is carried along its entire length. 
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Fig. 25. CroM Beotions of OttdaTari Anient. 
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67. Third Type of Aniont.'— The third type of anioat ia that 

geaerally ooDBtmoted id Indian rivets, where the banks and bed are of 

sand, gravel, or other nnBtablematerial. 

These weira generally rest on shallow 

foondatioQB of masonry, in anoh 

manner that they praotioally float on 

the sandy beds of the streams. The 

foundation of such a weir is generally 

of one or more rows of veils sunk to 

a depth of from 6 to 10 feet in the 

bed of the river, the wells and the 

spaces between the rows of wells 

being filled in with conorete, thns 

forming a masonry wall across the 

channel. A well or block is a 

cylindrical or rectangular hollow 

brick strDctmre which is built upon a 

hard cutting edge like a caisson, and 

from the interior of which the sand is 

excavated as it sinks. After it has 

^ reached a suitable depth it is filled 

,| with concrete, the whole depending 

< for its stability on the friction against 

a its sides. This form of oonstmction 

I is illastrated in Figs. 26, 37, 2S and 

« 39 whioh exhibit several different 

^ types of sach works. 

1 68. The Eistna Anient.— The 

-J weir across the river Kistna is one 

£ of the most remarkable of this class. 

ri Plato IT and Fig. 30. It was bnUt 

", in 1854-55. The body of the war 

S itself is about 3,000 feet long, but 

the entire length of the weir, inolad- 

ing the nnder-sluioee and piers, is 

nearly 4,000 feet. The crest of the 

weir is 16 feet above the summer 

level of the' river, and from 20 to 25 

feet above the deepest parts of the 

original bed as it was before the weir 

was constructed. 

The river Kistua above and below 
the site oi the weir is from 1^ to Ij- 
miles in width, but it narrows at the 
point where the anient is built to the 
dimensions given. A spur of sand- 
stone runs down to the bank of the 
river at eaoh side of the anient. The 
fall of the bed of the river above the 
anient is about 13 inches a mile, 
below it the slope is about 11 inches 
a mile. The oidinaiy greatest rise of the river, at this spot, before the 
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aaioiit was built was 85 feet, and in extraordinair freshes as much as 
38 feet has been recorded. The velocity of the nver in freshes was as 
great as 10 feet a second before the construction of the anient; the 
yelooity over it now is said to attain 16 feet a second at which times 
there is a depth of as much as 30 feet over the crest. 

The construction of an anient at this point presented many diflScul- 
ties, but they were successfully overcome. The bed of the river wa« 
very uneven on the line of the weir ; the floods scoured oat deep holes, 
sometimes on one side of the river, sometimes on the other. It was at 
one time intended to have filled up all the inequalities of the bed with 
stone, but sand was used for this purpose instead. In the bank of sand, 
thus thrown up in the deep parts of the river, wells were sunk to a 
depth of 7 feet below the summer level. On the top of the wells a 
heavy course of ashlar masonry 3 feet thick was laid. Above this a 
massive wall of rubble masonry, 13^ feet high, 12 feet base, and 6 feet 
top, coped with ashlar, was buUt. Behind this wall a mass of rough 
stone of all sizes, up to 5 and even 6 tons in weight, was deposited. At 
100 feet back from the main wall another one was constracted, the top 
of the wall was 6 feet below the crest of the weir ; between the two walls 
the sur&ce of the weir is packed with the largest stones placed on end, 
the interstices of these stones are filled as far as possible by qaarry 
rubbish jammed well into them. Behind this second wall the apron of 
the weir is continued for about another 100 feet with large stones. 

This anient obstructs from three-sevenths to one-half of the former 
water-way of the river at the site where it is built, and although the 
action on the weir is consequently great, very little has been needed in 
the way of repairs since the work was first completed in 1855. Some 
stone has been added year by year, and, on one occasion, a short length 
of the body-wall was washed away. The cost of the yearly repairs has 
averaged about 1^ per cent, on the original cost. 

69. Soane Weir.— The weir at the head of the Soane canals, 
which is typical of this class of structure, consists of three parallel lines 
of masonry running across the ^itire width of the stream, and varying 
from 2^ to 5 feet in thickness. The main wall, which is the upper of 
the three and the axis of the weir, is 5 feet wide and 8 feet high, and 
all three lines of walls are founded on wells sank from 6 to 8 feet in the 
sandy bed of the river. Between these walls is a simple dry-stone pack- 
ing raisod to a level with their crests, thus forming an even upper 
surface. The up«stream slope is 3 to 1, and the down- stream slope 12 
to 1, the total length of this lower slope being 104 feet, while the total 
height of the weir including its foundation is 19*3 feet. The Soane weir 
has a total length across stream of 12,480 feet, of which 1,494 feet 
consist of open weir disposed in three sets of scouring sluices, Fig. 31, 
one in the centre and one adjacent to either bank and in front of the 
regelating gates at the heads of the canals. 
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Fig. 31. The Soane Weir. 



The third type of anient has been adopted for the Kiatua at Bezwada, 
and for the weirs aoross the Fennar at N^ellore, San^am, and Adima- 
palli. It in snitable where stone is cheap and abundant, and it is not 
necessary that this material should be specially adapted for masonry 
work. 

These are the three types of weir generally in use in India, but in 
America, Europe and Australia, where much attention has lately been 
paid to irrigation works, many other types of weir are in use. Among 
others tho following may be noticed. 
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70. Lawrence Weir. — The weir across the Memmao rirer at 
Ii&wieDoe, Maeaaobaeetts, appears to have an mmeoessarilj heavy oroas 
section, Mg. 32. It is 33 f eet in mazimam height, its extreme biead^ 
at the base being 35 feet. The dovn-stieam face has a batter of 1 in 
12, and the structure is snrmoonted bj a oOpiii» stone which ia level 
for 3 feet and then slopes downwards np-stream with a batter of 1 in 6 
for 12 feet, beyond which the weir is stepped off with a batter of 1 to 1 
to within abont 10 feet of its base, whioh latter portion is vertioal. It ia 



, Lnirronoe Weir. 



oomposed of nibble masonry founded on firm rook, the front of the daro 
resting againat the edge of a trench excavated in the rook, llie face 
and oorang of the weir are of dressed ashlar, headfra and stretchers being 
dovetailed together, and the coping atones are dawelled to eaob other 
and the next faoe stone below. The body of the weii ia of rough rubble 
in cement and ia backed np to a level with the top coping by an earth 
filling having a slope of Q to 1. The level of the water may be raised 
by means of planka, 16 feet in length, to a height of 3 feet. 
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7L Moveable lion Weirs, French Type.— The weirs on 
the river Seine in France differ materially from the open Indian weirs, 
They consist of a series of iron framea of trapezoidal cross sectipn, on 
which rests a temporary footway, and on their upper side is placed a 
rolling oortain shutter, or gate, which can be dropped so as to obstruct 
the passage of water across the entire channel-way of the stream, or can 



Pig. 83. Moveable Weir. 



be raised to suoh a height as to permit the water to flow under them. In 
times of flood the curtains can be eomplotoly raised and removed on 
a temporary track to the river banks, the floor and track can then be 
taken np, leaving nothing but the slight iron frames, which scarcely 
impede the discharge of the rivor and permit abundant passage-way 
of the floods over, around, and through tnem. Fig. 33. 
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72. Ooulbarii Masonry anti Iron Drop-gate Weir.— Odd of 
the most tnodorii and interesting weirs which has reeonlly boon deaigncd 
for the diversion of stora^ water ie at tlie head of the GoQlburn Irri- 
gation ayetem in Australia. This weir is a clear overfall weir for its 



nrhole length, and at each of its abutments there leads a main line ot' 
canal. In addition to acting as a divorsion weir this structnro is 
intended to act as a storage dam for a Binall portion of its height, its 
available storage capacity being about 43^ million cubic feet, though it 
ia expected that this can bo filled up several times in a season. On the 
crest of the masoury structure are built up iron pillars between which are 
slide lifting gates which can be raised and lowered by hydraulic power, 
these add thus to the diversion height of the weir and furnish storage 
capacity equivalent to this height. The highest flood known in the river 
was estimated to discbarge 50,000 cnsecs, and the waste-way capacity 
furnished between the crest of the masonry work and the soffit of the 
overhead bridge is capable of passing a larger volomo thau this. 



Fig. 36. Seotion of Goulbum Wwr. 
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The G-oulbum weir is founded on alternate beds of sand-stone, slate, 
and pipe clay, standing almost yertically on edge. 

This weir is of safHoient height to raise the summer level of the 
river about 45 feet, or to a total of 50 feet above the river bed. It is 
695 feet in length, exclusive of the canal regulators at either end, which 
have a further length of masonry work of 230 feet. The body of the 
work is of combined concrete masonry, composed of broken stone, sharp 
grit, and Portland cement backed with stepped granite. In the portion 
of the weir across the natural water-way of the river are six temporary 
tunnels, Fig. 34, each with a sectional area of 44 square feet, which 
were designed to carry the ordinary flow of the stream during the 
process of construction, about 3,750 cusecs and which were filled in with 
masonry after the completion of the work. The water-way in the upper 
portion of the weir above the masonry crest is supplied by 21 flood- 
gates, each having a clear opening of 20 feet horizontally and 10 feet 
vertically. These are lowered into chambers or recesses in the body of 
the structure. Fig. 35, and can be so adjusted as to maintain the 
water-level in front of the canal off-takes at the normal full supply 
level. The chambers are lined with skeletons of cast iron ribs between 
strong cement mortar, and the wall in front of each chamber, that 
takes the pressure- of water, is strengthened by a series of rings of 
wrougtt iron, built into the concrete, which are strong enough to 
take the entire thrust, so that should the concrete become fissured 
from any cause the skeleton would still take the pressure, the masoniy 
merely acting in detail. The gates are framed with wrought iron T 
beams filled with cast-iron plates, and weigh 7 tons each. They are 
worked by screw gearing actuated by three SO^^-inch LefEel turbines, 
which can be worked either together or separately. The available 
head for working them varies from 3 to 13 feet, according to the 
volume of water in the river, and they give from 3 to 27 horse-power. 
Hand-gearing is provided for each gate in case of emergency. 



73. Open and Closed Weirs.— Diversion weirs may again be 
classified as open or closed. A close weir is one in which the barrier 
which it forms is' solid across nearly the entire width of the channel, 
the 'flood waters passing over its crest. Such weirs have usually a short 
open portion in front of the regulator known as the " scouring sluice ", 
the object of which is to maintain a swift current past the regulator 
entrance, and thus prevent the deposit of silt at that point. An open 
weir is one in which scouring sluices or openings are provided through- 
out a large portion of its lengtih and for the full height of the weir. 

The advantage of the closed weir is that it is self-acting, and if 
well designed and constructed requires little expense for repairs or 'main- 
tenance. It is a substantial structure, well able to withstand the shocks 
of floating timber and drift ; but it interferes with the normal regimen 
of the river, causing deposit of silt, and perhaps changing the channel 
of the stream. Open, or scouring sluice weirs interfere little with the 
normal action of the stream, and the scour produced by opening the 
gates prevents the deposit of silt, while their first cost is generally less 
than that of closed weirs. 

The closed weir consists of an apron properly founded and carried 
across the entire width of the river flush with the level of its bed, and 
protected from erosive action by curtain walls up and down stream. On 
a portion of this is constructed the superstructure, which may consist of 
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a solid wall or in part of upright piers, the interstices between which are 
closed by some temporary arrangement. This portion of the weir is 
called the scouring sluice. The apron of the weir shoidd have a thick « 
ness equal to one-half, and a breadth equal to three times, the height 
of the weir above the stream bed. During floods the water backed 
against the weir acts as a water-cushion to protect the apron, and as the 
flood rises the height of the fall over the weir crest diminishes, so 
that with a heavy flood over an ordinary weir its effect as an obstruction 
almost disappears. 

An open weir consists of a series of piers of wood, iron or masonry, 
set at regular intervals across the stream bed and resting on a masonry 
or concrete floor. This floor is carried across the channel flush with the 
river bed, and is protected from erosive action by curtain walls up and 
down stream. The piers are grooved for the reception of shutters or 
gates, so that by raising or lowering these the afflux height of the river 
can be controlled. The distance between the piers varies according to 
the style of the gate used. If the river is subject to sudden floods these 
gates may be so constructed as to drop automatically when the water 
rises to a suflioient height tc top them. It is sometimes necessary to 
construct open weirs in such manner that they shall offer the least 
obstruction to the water-way of the stream. This is necessary in weirs 
like the Nile " barrage " below Cairo, Egypt, or in some of the weirs 
on the Seine, in France, in order that in time of flood the height of the 
water may not be appreciably increased above the fixed diversion 
height. Should the height be increased in such cases the water would 
back up, flooding and destroying valuable property in the towns above. 
Under such circumstances open weirs are sometimes so constructed that 
they can be entirely removed, piers and all, leaving absolutely no 
obstruction to the channel of the stream, and in fact increasing its 
discharging capacity, owing to the smoothness which they give to its 
bed and banks. 
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CHAPTER V. 



SGOURING-SLUICES-OPEN WEIRS. 

74. Scouring-slnices. — Soouring or under sluices are placed in 
the bottom of nearly every well-constructed weir or dam, at the end 
immediately adjacent to the regulator head. The object of these is to 
remove, by the erosive action of the water, any sediment which may be 
deposited in front of the regulator. If the flow in the stream is suffi- 
ciently great to permit it, these scouring-sluices are kept constantly open 
and they perform their functions by keeping the water in motion past 
the regulating head and thus preventing the silt from settling. If 
sufficient water caanot be spared to leave the scouring-sluices constantly 
open, they are opened during flood and high waters, and by creating a 
swift current are effectual in removing silt which has been deposited at 
other times. 

The scouring effect of sluices constructed in the body of the weir is 
produced by two classes of contrivances; namely, by open scouring- 
sluices and by under-sluices. The open scouring-sluice is practically 
identical with the open weir, as the latter consists of scounng-sluioes 
carried across the entire width of the channel. Where the weir forms 
a solid barrier to the channel and is only open for a short; portiou of its 
length adjacent to the canal head, the open portion is spoken of as a 
soouring-duice. The waterway of a scouring-sluice is open for the entire 
height of the weir from its crest to the bed of the stream. 

Under-sluices are generally constructed where the weir is of consider- 
able height and the amount of silt carried in suspension is relatively 
small. In these the opening does not extend as high as the crest of the 
weir, nor does the sill of the sluiceway necessarily reach to the level of 
the stream-bed. It is chiefly essential that its sill shall be as low as the 
sill of the regulator head. Under-sluices are more conunonly employed 
in the higher structures, such as weirs and dams which close storage 
reservoirs. 

Scouring-sluices are practically open portions of a weir and consist 
of a foundation, flooring, and superstructure. The floor must be deep 
and well constructed and carried for a short distance upstream from the 
weir axis, and for a considerable distance below it. On it are built 
piers, grooved for the reception of planks or gates, so that the sluice 
may be closed or opened at will. 

It is nearly always necessary to have a set of scouring-sluices below 
the offtake of a canal, in order to prevent the accumulation of silt, 
immediately in front of the head-sluice, and it used to be held desirable 
to have an additional set in the centre of long weirs ; it is now, however, 
considered that central sluices are not of much practical value. There 
can be no doubt that the weirs of the future will be of the open type, 
raised little, if any, above the bed of the stream and fitted with move- 
able shutters on the crest; and, since it is necessary that some kind of 
bridge should be erected over them, from which to work the lifting gear 
of the shutters, it follows that these weirs practically become regxdators. 
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Fig. 36. Under Sloioea of Gnnd Anicut. 
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In almost every case, except perhaps for very broad rivers, the shutters 
will bo of the lifting type ; falling snutters, while usefal for broad rivers, 
have the sorious objootion that once they fall the flood-water mast drop 
nearly or qaite to the level of the floor of the weir before they can be 
raised again, while with lifting shutters the water can be held up to any 
convenient height and all excess safely passed. 

Such being the case, the openings of the weir become soouring-slnices, 
and by judicious lifting and closing of the shutters the river-bed above 
the weir can be kept clear of silt. In some few oases, where the head- 
slaices occupy a considerable breadth, as at the Ghrand Anient across 
the Cauvery, it may be necessary to provide some means of increasing 
the scour immediately in front of the head-sluices and this can be 
done by under- sluices below the floor of some of the openings in the 
weir nearest the sluices (Plate VI and Pig. 36). The sills of the under- 
sluices being considerably below level of rivcr-b^d wiU naturally induce 
a heavy scour and the under-sluicos must bo strongly built and manipu- 
lated with care and judgment. 

76. Construotion of Under-aliiioeB. — The construction of imder- 

sluices needs care as the velocity of the water passing through them is 
at times very considerable ; and, moreover, the meeting of the current 
through them, with the less rapid current of the water passing over the 
weir, is liable to induce whirlpools^ and the formation of scour holes. 
The wings and front aprons of the masonry should be of a length and 
width respectively of about three times the height of the weir above 
the sluice sill, which latter should be placed at the level of the deep bed 
of the river. The apron should be completed by a retaining wall 
founded at the same level as the crest wall. On the upstream side of the 
retaining wall a rough-stone apron should be provided of about the 
same width as the masonry apron, and this should extend from the 
groyne connected with the outer wing to the wing of the weir. 

On the lower side, the wing wall on the weir side should conform 
to the slope of the apron of the weir, if it have a sloping apron, and 
should be a wall sloping from the weir crest to the retaining wall, if 
the whole apron be horizontal and at one level ; while, if in steps, it 
should slope to the edge of the first step, and thereafter conform to the 
section of the apron ; it will thus act as a lateral retaining wall to the 
apron of the weur. The width of the masonry apron on this (the lower) 
side should be the same as that of the weir apron, f>., to the line of its 
retaining wall, if the weir apron be of masonry, horizontal or sloping, 
and to four or five times the height of the weir, if its apron be a slope 
of rough stone. A retaining wall of the same depth as that of the weir 
should be built at the edge, and the rough-stone apron beyond should 
be of laige stone, extending to the outside line of the outer apron of the 
weir, and laid to as great a depth, below the surface of the floor, as the 
excavation ef the sand, for this purpose, can be conveniently carried. A 
reserve of stone should be provided to be thrown in as soon as any 
settlement or disturbance becomes apparent. Generally additional 
material will have to be placed in this apron, from time to time, for 
four or five years. One or more bind walls may, with advantage, be 
inserted, to check displacement, after the freshes of one or two seasons 
have consolidated the stone, and made further material settlement 
improbable. 



76. Soonring-Blnice Shatters and Moveable Dams.— The 

old Torks on tbu Q6d&van, Eistua, Canverj and other rivers had 
aluioes with rentB only 6 feet wide, and of a height equal to abont only 
half that of the flood. In these works the scouring-Bluieea were closed 
in the dry season, either by baulks of timber dropped one after another 
into the grooves in the piers, or by gates, sliding in vertical grooves, 
which gates were mised and lowered from above by serew-gearing 
working on long rods attached to the gates. This system necessitating 
the constraction of a masonry anporatructuie above the level of the 
highest floods, was found to oppose great resistance to the fre« flow 
of flood water, ftnd also to ntop floating debris in the r>er, so that tho 
sloiceH not unfreqaently became choked with trees and brushwood. 

As these earlier works were inefficient, steps were taken to increase 
both the size and number of the openings with the result that, as 
already stated, the anient or solid harrier across a river has become, 
under most conditions, a thing of the past, and nearly all new works 
will he constructed on the open weir principle, while many existing 
worka either have been or are being converted to tho same class. 



Suppose it is required to impound the water, in the stream indicated 
in Figs. 37 and 38 from tho point A. The level of the bank at B 
represents the ma;iimum height to whieh the water can be permitted to 
rise at any time without flooding the adjacent lands. It ia obvious that 
a weir cannot be built to the height B. As all the water miist pass over 
the weir, inundation of tho land can only be avoided in time of flood by 
keeping the crest of the weir below the point li by a diatance equal to 
the maKimum rise of the river above the normal level. The greater the 
riae which must be provided for tho lower must the cvest of the weir be 
made. If the distance CD represents the rise of the stream in time 
of flood, then the crest of the weir must be kept this] depth below the 
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point B, and the height CE repreaents all the head and all the atora^ 
that can be provided by the coiiBtnotion of a weir. But, if, on the 
other hand, the stream be controlled by a properly-oonBtmcted sluice- 
gate, as indicated in the scooud figure, or by a barrier of sluices in a 
stream too wide for one, then the head available for distribution becomes 
the full height DE, because it is not necessary to provide any mai^iu 
for tbu passage of flood-water over the sluice. The shutter being raised 
clear from the bottom according to the volume of the flood, permits the 
flood-water to flow freely along the bottom. The theoretioij advantages 
of a sluice over a weir, have, of course, been long recognized, but 
engineers were formerly loth to adopt sluices because of the defects 
which were inseparable from the older forma. The most important of 
these were the lai^ amount of power, required to open the sluice owing 
to the friction between the shutter and its bearings. The first attempts 
to improve matters were made by nutting down the crests of existmg 
weirs and fitting them with automatic shutters. The shutters held up 
the water till a certain iieigbt was reached and then fell. The impounded 
floo.l-water was released and all that remained to be done was to raise 
the shutters and leave them up till snob time as the water again rose 
sufficiently high to cause them to fall. The method of working Uiese 
shutters will be understood from the following paragraph. 

77. Fooracres' Shutters on Soane Weir.— Figs. 39, 40 and 42 
give three different views of the shutters of the Soane weir in different 



7ig. Jit. PonracifB' SliuttiT Open. 

positions. Fig, 39 shows the slnico open, with Iwth shutters lying 
on the floor, the flood being (supposed to be running freely butween 
the piers, which are H feet in height, 6 feet thick and 32 feet in 
length. When it l)ecomes necessary to close the sluice and shut oft the 
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water flowiBg througli it, a dutch worked by a handle from the top of 
the pier is turned, and frees the shatter from the floor, and it then 
floats partially up from its own buoyancy, when the stream, impinging 



Vig. M. Upper Bhntler, Lifted. 



upon it raises it to an upright position; with great foroe Fig, 40. 
But if a shutter, 20 feet long and 8 ieet in height, were allowed to 
oome up with such velocity, it would either carry away the piers or 
would be carried away itself. To destroy this sudden shock six 
hydraulic rams or buffers are flxed on the down-stream side of the 
upper shutters. These rams which are simply pipes with a large 
plunp^r inside, also act as struts for the shuttere when iu an upright 
position. Fig. 41. 



Fig. 41. ArraDgemeat of ram*. 



The pipes fill with water when the HhatW is' lying down, and aa 
8O0n as it oommences to rise, the water has to he forced out of them by 
the plunger in ite descent and, as only a Hmall orifice is provided for the 
escape of tho water, the. ascent uf the shutter, forced up by the stream, 
is slow and gentle instead of being violent. The orifioee in the pipes 
are covered with India-rubber discs to prevent them being filled with 
sand or silt. 

The water is now effectually shut off, as shown in Fig. 40 ; bat 
without other mear)s being taken it would be impossible to open the 
sluice again, oc the shutter could not be lifted against the force of the 
stream. The back shutter is therefore provided as shown in the same 



Fig. 43. Bear Shutter Lirted. 



view. This back shutter is so arranged as to he lifted by hand and placed 
upright, ties being placed to support it, as shown in Fig. 42. Tho 
water is then ollowed to fill the space lietween the two shutters, and the 
upper one can then be lowered to the floor again, but the lower one is 
held up by ties which are hinged to it at one-lhird -of its height, and by 
this means it is balanced and resists the pressure on it till the water 
reaches its top edge, when it loses equilibrium and falls over, thus 
opening the sluice again. 

The sluices can be left to fall of themselves if the river rises in the 
night; or, if required, they can be made fast by a clutch on the pier- 
head as shown in Figs. 39 and 40. 
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Falling shutters have been tried in Madras, but thej were found to 
be very troublesome to manage and were the oause of a great loss of 
water, thej leaked oonsiderablj when up, and after a flood they could 
uot be raised until the water was comparatively low and the process of 
raising them was difficult and slow and somewhat dangerous for the 
lasoars employed. Attention was again turned to the design of suitable 
sluices and the most satisfactory arrangement was that of the late 
Mr. Stoney. 

78. Stoney's Slnices.— As already stated the theoretical advan- 
tages of a sluice over a weir had been long recognized, but the use of 
sluices had not been adopted because of the defects which were inseparable 
from the older forms. These defects were principally the amount of 
power required to operate the sluice and the risk of the sluice becoming 
jammed. In any form of sluice where the gate worked between or 
against fixed guides directly, excessive leakage could only be avoided by 
making the guides and valves a tight fit. The power required to 
operate such a sluice under pressure was found to be not less than siz- 
tenths of the total load^ and might be more ; whilst, in some instances 
such sluices were never opened because of the uncertainty as to whether 
they could be closed again when required. It was the late Mr. Stoney's 
experience of these difficulties when in charge of the head-works of the 
Madras Irrigation canal, that led him to make a special study of sluice 
construction, and to initiate a series of experiments which resulted in 
the form of sluice with which his name is associated. The problem 
may be briefly stated. 

To construct a sluice which shall 



1. Water-tight. 
' 2. Easily operated under aU conditions, 
3. Always to be depended upon to open or close when required. 

The final solution of the problem, as found by Mr. Stoney, is marked 
by great simplicity. In the Stoney sluice the valve, or door, hangs freely 
between abutments as indicated in Fig. 48. Each jamb is rebated 
or recessed, as shown, but instead of the door being made to fit tightly 
against this face, as in the common sluice, a series of anti-friction 
rollers is interposed between. The contact between the two faces, 
when the sluice is being worked is therefore not a sliding contact, which 
means excessive friction but is a rolling contact. The rollers are not 
fixed to either face, but are simply mounted in a hanging frame so 
arranged that it may travel up and down with the door, the rollers 
revolving easily on the faces during the operation. The load on the 
door does not pass Ihrough the axlcis. of the rollers : friction and wear 
and tear thus being reduced to a minimum. Ease of movement is in 
nearly all cases further secured by the addition of counterbalances to 
the shutters. 

The requisite tightness of the door is secured in an equally simple 
manner. In the angle formed by the edge of the sluice and the face 
of the jamb, a turned bar is hung freely as shown. The pressure of the 
water forces this *' Staunching rod " into the angle against both the 
sluice and the jamb, a perfectly water-tight joint being thus secured. 
The freedom of movement and ease of manipulation thus obtained may 
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Fig. 43. Stone^'e BlniM. 

be realized from the fact that one of these patent sluices, 30 feet wide, 
with a head of 26 feet of water agaiuet it, is brhIj opened and ehut by 
the hand-powor of a stout boy. 

This freedom of mOTemeut means also certainty of control, per- 
mitting the nicest adjustment of the sltuoe at any moment to any 
desired change in the rate of diseharge or in the head of water to be 
maintained. 
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79. Examples of Stoney's SlnicecH-The Belleek Slnioes.— 

These slnioes furnish an important example, on a large scale, of the 
value of the Stoney sluice in maintaining water-powers and preventing 
floods. Plate IX. 

Lough Erne, properly speaking, consists of two lakes united by a 
short river. The total length of the lakes and the connecting river is 
over 42 miles, while the water-surface at water-level represents an area 
of about 40,000 acres. The lakes drain a most important agricultural 
district many hundreds of square miles in extent. The outlet from the 
lakes is by way of a short river to the town of Belleek. Formerly the 
waters were held up by a barrier of rock in the bed of the stream, form-* 
ing^ a natural weir. 

The country has a heavy rainfall and was formerly always subject 
to floods which, owing to the outlet being limited by the natural weir 
at Belleek, would yearly rise more than 10 feet above tho normal 
summer level, flooding nearly 20,000 acres of valuable land. In one 
year the lands adjoining the lakes remained under water during the 
entire summer months, resulting in a loss of over £40,000. It became 
necessary, therefore, for the public authorities to take steps to avoid 
the recurrence of these yearly disasters. 

Mr. James Price, m.i.c.e., the Engineer placed in charge of the 
works, after carefully investigating all known methods of water-control 
by personally visiting works in various parts of the >\'orld, finally 
decided upon adopting the Stoney system and the work shown in the 
Plate were consequently erected. 

The sluices are four in number, each having a clear opening of 29 
feet and a height of 14 feet 6 inches above the sill. The weight of each 
gate is over 12 tons, and works against a water-pressure of 85 tons. 

The sluices have been in continual use since first erected, and have 
never failed to give perfect control over the heaviest flood-waters. The 
lakes, instead of rising 10 or 11 feet in the rainy season, with disastrous 
results to the adjoining country, have never varied more than 7 or 8 
inches since the sluices were put up. The flooding of the country has 
been avoided, the navigation and all water rights preserved, and the 
beauty of the lakes maintained. 

80. The Weaver Slnices. — Before the construction of the As- 
su^n dam, these were the largest sluices made. The sluices are situated 
at Weaver Point on the Manchester Ship canal and their function is to 
control the discharge of the waters of tho river Weaver into the estuary 
of the Mersey, after they have served their purpose in the Ship canal. 
Plate X. 

The following are the details of the sluices — 

Span of each gate . • . . . . . . .30 feet. 

Depth of sluice . . . . . • • • 18 „ 

Lif t of sluicA .. •• .. •• .. . . 15 ,. 

Pressure against each gate . . • • . . . • 120 tonn. 

Combined width of waterway. . . . . • . • 300 feet. 

In Plate XI is an illustration of the hand gear used for controlling 
the Weaver sluices. In order to raise a shutter, the . attendant simply 
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releases a small friction break on the hand gear, and the shatter which 
is counterbalanced, comes np rapidly of itself easing off to repose when 
equal balance is reached, while such an operation would be impossible 
with a shutter of the old type of construction its feasibility under the 
Stoney system will be readily nnderstood when the fact is f^^rasped that 
the friction to be overcome is in the new type of shutter only one four- 
hundredth part of what it would be in the old. Hence the striking 
feature of the gate on the Weaver Dam, where one man, by means of a 
hand gear, closed a sluice against the pressure and flowing current^ not- 
withstanding that the shutter, as it becomes more immersed, is gaining 
buoyance and is finally two tons lighter than the oounterbalance by the 
time it reaches the sill. 

81. The Aaso&n Sluices. — There can be no doubt that the inven- 
tion of the Stoney sluice played a most important part in enabling the 
storage and control of water at Assn^n to beconie an accomplished 
fact tor we have it on tlie authority of Sir W. Willcooks, k.c.m.g., to 
whom the credit for the original conception of this great undertaking 
is. due, that he considered the Stoney eystem of sluices was the only 
one which could deal with the problems at Assu&n. Plato XII. 

The sluices in the dam are built at various levels. Sixty- five are 
designed to work with a maximum head of 01 feet ; the sluices also 
vaiy in size, 120 being 22 feet 11 inches high by 6 feet 6^ inches wide 
and the remaindtr 11 feet b^ inches high by the same width. The 
sluices are unbalanced, that is, have no counter-weights, and are operated 
by crab winches from the top of the dam. Two men work the sluices 
notwithstanding that the weight of the heaviest is 14 tons. 

These, of course, are only a few instances of the case with which 
large works can be brought under complete control by means of Stoney 
■Imces, but from them it will be readily seen how important a part these 
sluices must play in all future undertakings of any magnitude. 

82. Sinart*8 Shatter. — About 1891 proposals were made to cut 
down some of the weirs in the Gauvery delta and fit them with Stoney's 
shutters, but the cost of the shutters was considered prohibitive. Colonel 
Smart, B.E., the late Chief Engineer for Irrigation, who was then on 
special duty, was of opinion that ordinary shutters working on rollers 
attached to the shutters would set as well, provided counterbalances and 
powerful lifting gear were used. He designed a shutter, which while 
less efficient than Stoney's was suited to the purpose required and was 
considerably cheaper. This shutter was tried and adopted. As will be 
seen from the example of Smart's shutter shown in Fig. 44 the essential 
difference between the two types is that while in the Stoney form the 
rollers are free and supported in a hanging frame which' moves up and 
down with the shutter, in Smart*s form they are fixed to the shutter 
itself. 

83. Example of Smart's Shatter. — Fig. 44 shows the shutter 

used at the Grand Anicut in the Cauvery delta Its total length is li2 
feet and its height /) feet. The shutter consists essentially of two bow- 
string girders connected by vertical braces and faced with { inch iron 
platu. The rollers are bushed with lignum vitw with liinchgunmetal 
pins.' They are attached to the shutter by spring plates, which allow for 



. \ 



73 



a 



«-4- 



74 

deflection and so ensure the true bearing of the rollers on the roller path. 
Leakage is prevented by a leakage plate which presses against an angle 
iron fixed to the side of the pier and these plates together prevent side 
play of the nhutter. The shutters are couuterbalanced and lifted by 
means of chains worked by powerful lifting gear somewhat similar to 
that of the Weaver sluices. 
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CHAPTER VI. 

REGULATOES, HEAD SLUICES, ESCAPES, CANAL WEIRS OR 

FALLS AND BRIDGES. 

84. Begulators or Head-aluioes. — I'he masonry work at the 

point where a canal takes off from a river is called the regulator or 
head-sloioe. The regulator controls the admission of water to the canal, 
allows it to enter if required, or prevents its entrance and causes it to 
pass down-stream over or through the weir. There are on most canals 
other regulators at various points of the system — most frequently in 
connection with escapes — which control the discharge of the chief 
branches. 

Recent experiments emphasise the importance of supplying channels 
as far as possiole with top water. This has been to some extent recog- 
nized in tnis Presidency, and the sluices at the heads of the principal 
canals have been fitted, as far as was feasible in dealing with old works, 
with shutters arranged in tiers, but the principle does not appear to have 
been carried far enough. Even in recent works the tops of the vents are 
only about the level of full supply. In future designs it will be well to 
carry the vents up to ordinary high flood level with shutters in tiers, 
the openings in each tier being made large enough to pass full supply 
with a moderate head. This will necessitate a large departure from the 
designs now generally adopted. Piers will have to be made more 
massive and flo4a^ stronger and broader. 

The determining of the level of the sill of the head-sluice requires 
careful consideration. In 1897 Colonel Smart, B.E., proposed a rule 
that the heads of channels should not be less than 6 feet above the sills 
of under-sluioes, but Mr. Hughes, the then Chief Engineer for Irrigation, 
considered that the rule was not one which could be made of general 
application. In his opinion all that was needed was that the sill should 
be above the level to which the approach channel would be likely 
to silt. 

85. Position of Head-sluioe. — ^llie position of head-sluices has 
to be considered in connection with the general design of head works. 
There is no justification for the prevalent idea that the only good position 
for a head-sluice is close to the flank of a weir and at right angles to it. 
The essential thing is that there should be means of keeping the bed in 
front of the head- sluice scoured to a certain desiredlevel. 

Many Engineers think that it is radically wrong to put a head- 
sluice close to the flank of a weir and that it would be better to place it 
a good way up-stream ; distances of a quarter or a third of a mile have 
been suggested. In regard to this it is of importance to remember that 
scouring sluices, unless there is a well-defined approach channel, have 
but a very local effect, and if a head-sluice is placed beyond where a 
scour can be maintained, it may stand a very good chance of being 
blocked by sand shoals. On the other hand the increased disturbance 
of the water, as it approaches the weir, must not only increase the silt 



in Bospension but muBt also oanse an inorease in the roll of the sand 
along the bed. It has been suggested that in such eases a remedy for 
the evil might be obtained by constructing the head works as shown in 
Fig. 45, wmoh is adapted from Buckley's Irrigation Works. 







Fig. 45. 

The under-sluices B and C together would have a capacity rather 
greater than that considered necessary to keep a good channel open to 
the head-sluice, but the under-sluice B would have its floor 5 feet 
lower than the floor of C and of the head-sluice. The under-sluice B 
would be fitted with draw-gates in tiers, so that the discharge, even in 
floods, could be regulated through it. Between B and C there would be 
a wall carried above high flood level, running up-stream, parallel with 
the main current, which would divide the under-sluice channel A B 
from the main body of the river- At the upper end of this wall the 
under-sluice A would be built with its floor at the same level as that of 
under-sluice C (or slightly above it, according to the slope of the bed of 
the river). This sluice A would have draw-shutters, out they would 
only close a portion, say 4 feet, of the lower portion of the vent. The 
action of this arrangement would be this : under-sluice C would be 
open duriDg all the flood season, and the *' draw " from them would keep 
a channel open through the deposits above the weir. The shutters 
of under-sluice A would usually be kept down, so that the moving 
sand on the bed would be checked at that point, and diverted towards 
C : at the point A, ^the velocity in the stream would be less than 
it is immediately in front of the under-sluices where the head- 
sluice is usually placed, and the rolling sand could be more easily 
checked. The water at A would be drawn from the surface above the 
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row of shutters. In the under-sluioe channel A B, the velocity would 
be regulated by the manipulation af the shutters in B, so that it was 
only moderately in excess of that in the canal. The result would be that 
a oonsiderable portion of the heavier sand would be deposited in the 
under-sluioe channel between A and B, which, under present circum* 
stances, is deposited in the canal. In time the under-sluice channel A B 
would become silted sufficiently to impede the discharge of the canal. 
Then the shutters of both A and B would be completely raised, and a 
strouff stream would be sent throDgh the under-sluice channel, which 
woula scour out the deposit or a good deal of it ; at this time the canal 
would, if possible, be closed. U'he velocity in the under-sluice channel 
would be considerably augmented by the drop in the floor-level of the 
uoder-sluioe B^ and the height of the head-sluice floor above bed of the 
under-sluice channel opposite it would impede the progress of sand into 
the canal. It might be that it would not always be possible to scour 
out all the sand deposited in the un^ler-sluice channel A B, especially 
if it were of a coarse nature ; in that case it might bo necessary to 
dredge some portion of it out ; the dredged material could be easily 
discharged into the river and the heavy expense incurred by discharging 
with a long lead would be avoided. The plan would be an expensive 
one in first cost. 

86. Constmction of Benilator. — ^The regulator should be BO 
constructed tJiat the amount of water admitted to the canal may be 
easily controlled whatever may be the water level in the river. Thi^ 
can only be done by having gates of such dimensions that they can be 
quickly opened or closed as desired. Accordingly, when the canal is 
large and its width great, the regulator should be divided into several 
openings, each closed by a separate and independent gate. The sluice 
should have a flooring of concrete or masonry to protect the bottom 
against the erosive action of the water, and side or wing walls of 
masonry to protect the banks. The various openings will be separated 
by piers of wood, iron, or masonry and the amount of obstruction which 
they offer to the channel should be a minimum, in order that the total 
width or length of the regulator shall be as small as possible while 
giving the required amount of water- way. For convenience in opera- 
tion it is customary to surmount the regulator by arches of niasonry or 
a flooring of wood, so as to give an overhead bridge from which the 
gates may be worked. Lastlv, the height of the regulating gates and 
of the bridge surmounting them must exceed the greatest height to 
which the floods may attain, in order that they shall not top the regu- 
lator and destroy the canal. The regulator must be substantifdly 
constructed to withstand the pressure of great floods, and a drift fender 
should, if necessary, be built immediately in front of, or at a little 
distance in advance of, the gates. 

Begulators within a system of canals are generally situated either at 
the point of bifurcation of a main canal, or across the channel immedi- 
ately below an escape ; in the former case the regulator is required in 
order to divide the discharge between the branches in the required 
roportions, and in the latter case to regulate the discharge of the canal 
y compelling the surplus water to flow off through the escape instead 
of down the canal. 
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87. Head-slnioes.— All channels shoald be provided with head- 
sluioes for the regulation of the supply, and the means of regulation 
should be adaptea to the oiroumstences. The difference of design 
between the head-sluices or regulators, of main channels, which have 
to exclude river floods as well as pass the channel supply, and the sniall 
sluices at the heads of single village channels, is evidently very great, 
and the variation in design will correspond to the varying conditions. 
In all cases, however, the waterway of the sluice will be based on — 

(1) The quantity of water to be admitted to the channel below. 
{2) The head available, or, in other words, the difference of water- 
level above and below the sluice. 

• 

In order that the quantity of water at any time under supply to a 
channel may be known, there should be gauges placed above and below 
the sluice to show the exact difference of water-level ; and further, the 
exact area of open vent should be readily ascertainable, to secure which 
information a gauge rod can be attached to the shutter to indicate how 
much of the height of the vent is uncovered or open. 

Small shutters, working under small heads, can be lifted or lowered 
by hand. When the vents are large, or the head of water is great, 
mechanical appliances, of which the screw is usually the best and most 
convenient, are required. 

88. Data for Design.— In order to determine the height of the work 
it will be necessary to ascertain, as accurately as possible, the maximum 
water-level above the sluice. In order that the supply required may be 
admitted through the regulator or sluice, (1) the area to bo irrigated ; 
(2) the quantity of water required ; (3) the time within which this supply 
has to be afforded, whenever the supply is not fairly constant during the 
irrigation season ; (4) the head available, or the difference of water-level 
above the sluice and the water level (maximum) below the sluice ; (5) the 
velocity of discharge, which will be found from the preceding factor by 
the formula V=^CA/2gh in feet a second, must all be determined. 

When there is no anient or weir, the sum of the widths of the vents 
should generally be equal to the mean normal width of the river 
channel to be supplied ; as, except when the river or stream is in con- 
siderable fresh, there will be no material difference between the water- 
levels above and below the sluice. 

The circumstances of the site should be shown bv : a cross section of 
the channel at the site selected, and an average or normal cross section 
— if the channel be a new one the latter section will suffice — and on 
them, or it, should be marked the M.W.L. above the sluice, and the 
ordinary and maximum water-levels below the work ; a site plan show- 
ing the river or channel of supply for a sufficient distance to indicate its 
dim)tion ; the position of the anient (if there be one), with its wing ; 
the alignment of the river embankment (if any) ; and the alignment of 
the special flood banks should any be required ; also the channel itself 
for about one-fourth of a mile below the place where the sluice is to be 
built, or for a distance fully sufficient to show its normal direction, as 
well as any carves which may be needed at, or near, the head ; also 
information as to soil and subsoil. 
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89. Details of Design— Flans.— The details of the design Bhocdd 
be exhibited by— 

(1) A half top plan, on which all the earthwork slopes should be 

plotted. 

(2) If well foundations be necessary, a half plan of the wells 

with the outline of the base of the walls to be placed 
thereon. 

(3) A half front elevation and half longitudinal section. 

(4) A cross section, on which the M.W.L. above, and ordinary 

F.S.L. and M.W.L. in the channel below the sluice 
should be shown. 

(5) A rear elevation, which, though not always necessary, is 

usually desirable, especially when the slopes in connection 
with the rear wing returns are to be revetted, as is 
generally requisite. 

(6) Cross sections of the front and rear wings, and of their 

returns. 

(7) The width between the ends of the rear wings la nearly 

always greater thfin the normal bottom width of the 
channel, and often greater than the mean width of the 
latter. It is needful, therefore, that the way in which the 
channel is to be restored to its normal arrangements, 
should be noted. In many cases a diminution of 1 foot 
on each side for every 50 feet in length would be suitable 
as a maximum; and, supposing the width between the 
wings to be 6 feet greater than the normal bottom width, 
the distance at which the latter could be regained would 
be 150 feet, and on the plan would be marked (with or 
without breaks) the converging lines of the toe of the side 
slopes, terminating in parallel lines the normal bottom 
width apart. 

90. Head-slnioes of Distributaries. — The same general princi- 
ples apply to the head-sluices of distributaries, though these are for the 
most part small works. Care should be taken to give due consideration 
to the efFect of the variations in the water-level of the channel of supply, 
so that the vent may be of a size capable of passing the required supply 
of water with a small head, or when, from the low state of the ehannel 
of supply, it may be necessary to distribute by turns. 

The sUl, platform, roadway, and water-service-levels, above and below 
the sluice, should be clearly marked on the plans, as also the acreage to 
be supplied, and the ordinary and maximum discharge provided for, 
with the head required in each case. 

91* Escapes. — ^There are several causes which render it necessary 
tc have means of discharging water from a canal into a river or into a 
channel leading to a river. In the first place it not infrequently 
occurs that a heavy fall of rain puts an immediate check to, or perhaps 
will completely stop, all irrigation within a few hours. The cultivators 
close the outlets leading to their little channels, and the beads of 
distributaries have to be closed or the banks will burst, the closing of 
the distributaries makes it necessary to reduce the discharge of the 
canal, or the same result would follow ; but this cannot always be done 
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Figr. 48. Hmd Sluice of DiBtribatarj, 



t'ig. 46. Hekd Slaioe for a Parallel Channel. 
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in time to prevent a larger discharge passing down than the channels 
are able to pass forward, or, if it is possible to carry on the dispharge, it 
must be escaped from the canal system somewhere, if the oultiyatorB 
will not utilize it on the fields. Escapes are in some cases necessary to 
carry off from the ca\ial drainage water which may have been admitted 
into it through inlets ; and they are of service when any accident to 
a masonry work or breach of the canal renders it necessary to reduce 
the discharge immediately. In Southeru India escapes are usually 
termed surplus- sluices. 

Escapes should be provided at intervals along the entire canal line, 
the lengths of the intervals depending on the topography of the country, 
the danger from floods or inlet drainage, and the dmicnsions of the 
canal. In America it is customary to place them at intervals of 10 to 
20 miles apart, but no rule can be laid down as it depends on the cross 
drainage. The Nizampatam canal in the Kistna Delta has no escape 
in its whole length of 31 miles, while the Oommumur Canal in the same 
system has escapes probably averaging one per mile. Where the 
regulator head is placed back from the river a short distance, an escape 
should be provided immediately above the regulator head for the dis- 
charge of surplus water and in order that the channel may be kept free 
from silt. The first or main escape on a canal should always be 
constructed at a distance not greater than half a mile from the regulatori 
in order that is case of accidents to the canal the water may immedi- 
ately be drawn off. 

92. Location and Characteristics of Escapes.— Escapes 

should be located above weak points, as embankments, aqueducts, etc., in 
order that the canal may be quickly emptied in case of accidents. Their 
position should be so chosen that the surplus channels through which 
they discharge shall be of the shortest possible length. These must 
have sufficient waterway to carry off the whole body of water which 
may reach them from both directions, so that^ if necessary, the canal 
below the escape may be laid bare for repairs while it is still in 
operation above. 

As already pointed out the greatest danger from injury to oanals is 
during local rains, when the irrigator ceases to use the water, thus 
leaving the canal supply full, while its volume is increased by fioody or 
drainage water. Henoe it is essential that, where a drainage inlet enters 
the canal, an escape sliould be placed opposite it for the discharge 
of the surplus water with a regulator below in the case of important 
cross drainages. During floods the escape acts in relieving the 
canal of surplus water as though tlie head regulator of the canal had 
been brought so much nearer the point of application. It is usual to 
construct the lower side walls of aqueducts with their crest at F.S.L. 
thus practically converting them into escapes for surplus water ; this 
practice is eoonomical but is far from being a good method unless the 
surplus discharge is light and great care is taken. The water falling 
from the aqueduct may damage its foundations while the esoape does not 
add to the seourity of the structure in which it is placed, as it does not 
shut off the water above it. 
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98. Deri^ Ot Eaoapes. — l']aoapeB Bometimes take the form of 
bead-aluioeH with drawgatee, as in the Indri esoape Figs. Slaad 52, vhere 



Fi^. 53. HndroB Type oF Rscspe. 




Fig. &i. SiiaUvn ot HadrM Etcapc. 



the gatcB completely close the opening when they Me clown. In boiuc 
oaees as in Fig. 5-, which is typieai of the eeeapes— or surplus eluices aa 
they are called in Madraf — tho gates are worhea in the aame way as the 
previous example, by screws, but they do not close the vents, the cn^sta of 
the gates, wlion down, are at full supply level, and a moderate amount 
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of gorplus water can be permitted to flov over the top of them wtien the 
water in the oanal rises. 



FiK. 56. Bear Elevation or Fall on Hidnfipore Canal. 

Id odier oaeeB, an escape in the form of a oanal weir euch as shown 
in Pig. 56 and Fig. 57 is used, in which the planks above the weir oreet 
can be removed at pleasure ; this form of escape is most suitable when 
the oanal is in embankment. 



Fi)r. ''I- t'l^M Bwtion of Fall on Midnapovc (.'Hnal. 

Whon an escape is oonstnicted simply for scouring purposes, the 
dr a wgate system is preferable to one worked with planks or baulks, 
and it ia desirable to have a drop in tlic floor of the work, and a free 
discharge for the water in the escape channel below, so that the flow 
may not be impeded. When escapes are in the form of free overfalls, 
and. indeed in other oases too when the channel below the escape runs 
dry, it is esseotial that the floor below the outlet should be very strong, 
or that a good water cushion should be provided, as escapes are occa* 
sionally opened suddenly, and a very heavy action on the floor follows. 

94. Canal Weirs or Falls. — Canal weirs or falls are required at 
intervals on any cnnal in which the slope of the hed is less than that of, 
the country in which it nins ; for, »a the hed gains nn the surface of 
the ground, the water level hecnmes raieed above it till a point is reached 
at which it is desirable to drop the water over a weir or fall and to 



oommence a nev reach of the canal. In canala, which are designed for 
navigation ae well as irrigation, a lock has to be oonatmcted at each 
fall. 

There are two general methoda of compensating for slope : one is by 
the introduction of Tortical drops or falls, and the other Ey the use of 
ioclined rapids or, as they are termed in America, chutes. In design the 
fall may be of two general types : (1) it may have a clear vertical drop 
on a concrete masonry apton ; (2) the water may plunge into a water- 
cushion. 



Figr- 68, Canal Fall, IJppei- India. 

Figs. 58 to 61 show some of the various forms of canal falls whioh 
have been adopted ; tho earliest ones in Upper India were those on ttio 
Bari Doab Canal. Id tho upper reaches rapids were generally adopted, 




rig. ee. Canol Fall, Upper India. 



and in the lower reaches, where boulders were not so readily obtainable, 
vertical falls, Fig. 59, were generally used, and a cistern was sunk 



Fig. 60. CaDftt FaU, Upper India. 
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beloT the level of the lower canal bed to form a cushion of water to 
resiet the shook of the faUi^g stream. On many of the uanal faUa in 
Upper India it used to be the practice to fix gratings, aa shown in 
Eig. 61 just at the level of the weir crest, sloping up to the surface of 
the stream ; the gratings wore composed of timber beams, 4 to 5 inohes 
thiok, spaced 6 or 8 inches apart ; lying in the direction of the ourrent 
so that the water was dividai into a number of filaments They still 
survive in some of the old weirs on the Ghingcs and Bari Uoab Canals, 
but the principle is not now considered a good one. On the Ganges 



Fig. 31. Cuul Fall with graiiDg. 

Canals nearly all the falls were originally built on what is called the 
" Ogee " shape, but they proved a complete failure. 

In Southern India the practice always has been in favour of main- 
taining a steady velocity in the canal up to the fall by raising the crest 
and reducing the width of it to that whioh was necessary for the 
purpose. This plan causes a somewhat greater drop than would be 
the case if the crest were at the canal bed level, and the width of it 
equal to, or even greater than, that of the canal ; but the velocity of 
approaoh is less aad the action on the floor is moderate. Fig. 62 
shows a typical Madras fall, with a depressed floor or cistern below, but 
in many cases, the floor is at the level of the canal bed below the falls. 



Fig. 62. Canal Fall, Uadrue. 

The Madras typo has been generally followed in Bengal, but the 
arrangement of the screw shutter shown in the flgnrc has not been 
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foUoired. Figs. 56 aud 57 show rear elevation and orosa aeotion of s 
oaoal fall on the Midnapore canals ; those in Orissa oa the Soae are of 
the same deBcription. 
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9ft. NotohedCrestFall.— Fig.dSigatypioaldesifpioftbanoteh 
^Ub vhiob hare been oonstruotod on the Cheoab Canal in the Punjab. 
The breaat wall of the fall is out into a number of notchsB of which the 
bases are at the oanal bed level, the orest of the breast wi^ being above 
F.S.L. ; at the foot of each notch there ia a lip raojecting beyond the 
lower face of the breast wall, whinh has a great uiHuenoe in spreading 
the stream and determining the form of the lower face of the falling 
water. The notohea in the wall are all alike and the; axe so designed 
- that they diachai^o at any ^vcn level the same amount of water 
approximately as the canal above carries at that level, so that there it 
no increase in velocity (except for a few feet close to the notch) in the 
oanalas the water approaches the fall, but a uniform flow and a uniform 
depth is maintained. These notches work excellently. The water Sows 
from them in a fanlike shape, and meets the water surface below with 
a steady flow which contrasts moat favourably with the violent ebnlUtion£ 
which accompany all other clear overfnlls, and there is no vestige of 
the standing wave which is produced in falls which permit of a greatly 
increased horizontal velocitj'. The action on the canal banks below 
these falls is very small although the wings ore of very moderate length. 
Mr. E, B. Buckley states that there is no question of the superiority of 
this over all other forms of fall whore it can be adopted, The form of 
the basin below the fall is practically that of a shallow water cushion, 
it being widened to check the ebullition of the water and reduce it to a 
steady forward velocity. One objeotiou to this form of fall is the depth 
of foundation required, which adds considerably to the diffieulfy of 
oonstruotion except where the soil is very firm. In many cases it may 
prove cheaper to protect the lower level by mere strength of additional 
materi^ tlian by the oonstruction of a deep water cushion. A simple 
notched fall for a channel is shown iu Figs. 65 and 6fi. 



Fig. 65. Eight-foot Chumel FkU. 
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Fig. 66. Elevation of 8-fooc Fall. 

96. Formulae for Notch Falls.— A trapozoidal notch in the 
breast wall of a canal fall should be such that it will carry the ordinary 
low supply at the level at which that supply runs in the canal, and 
will also carry the maximum supply at the levels due to that supply. 
The discharges of a trapezoidal notch at levels intermediate to these 
will vary from the discharge of the canal at those levels to a certain 
extent but not sufficiently to cause any practical difficulties. 

Let d = the depth of water in the channel measured 10 feet above the 
plane of the notches. 

Q = the discharge of each notch. 

c = the coefficient of discharge. This may be taken as 0*67. 
F= velocity of approach in feet per second. 

ha = head due to velocity of approach = 0*0166 F*. 
Ih = width of bottom of notch. 

n = ratio of side slope, %,e,, the co-tangent of the angle made by the 
side of the notch with the horizontal. Hence width of notch at any height 

Then to find the discharge of a notch — 

C = 5-35 4fe[(rf + Aa)*-M]-2n[^M-.*{(rf + ;i„)i-.M]] .. I. 
If the velocity of approach be neglected, this becomes— 

Q=5'S6c{lhd^ + iX2nd*] jj 

07. Determination of Profile for Notch Palli.— When the 

profile of the notch is imdetermined the equations given above 
contain two unknown quantities, viz., fe and n. 

Let ii = the value of d at ordinary low supply level in the canal. 
(^ = the value of d at maximum level in the canal. 
Gi 1 _, f the dischwpge required through the notch at these depths 
Q2J I »i and rf, respectively. ^ 

= the coefficient which may be taken as constant for both d^ and d* 
r, and ^ = the respective velocities of approach. 
hai and Aa, = corresponding heads due to those velocities 

Then 

and similarly 
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(^i + ha,)* ^ha* = 5i and (<4 + Aa,)* - Ao,* = ^,. 

* A«i* -* [(^i + *ai)i ^ hai ] = C^. 

and d,htj- *'[(* + A«t)* - Aa,* ] = C, 

Then ^i = fo 5i — 2 n C,. 
^, = A £» — 2 n C,. 

Whenoen = ^ ;;f|I^|;; Ill 

anci »o — p •• •• •• •• •• •• xv» 

When the yelooity of approach is negleoted, the same formula will 
be used, but the ooeflScients Si, JJs, and Ci, Ci, will be altered thus : — 

B, = di*. B^ = rf,* . (7, = f d,*. c; = f d^' 

I > > 

Hxample. — It is requii'ed to find n and h for a oanal fall with six 
notches from the following data : — 

Bed width of canal = 84 feet; side slopes 1^ to 1. 

Depth of ordinary supply = 4-6 feet. 

Depth of maximum sujpply = 6*0 feet. 
Inclination of bed = 1*0 in 6666*6. 
The fall is a clear overfall. 
Then in the formulad given above 

di = 4-6 and (2, = 6-0. 

The discharges and velocities of approach calculated by the ordinary 
formulae for discharges in open channels are : — 

Q (when rf, = 4-6) = 802 cusecs F, = 1-92 feet. 
Q (when i, = 6-0) = 1275-7 cDsecs V^ = 2-29 feet. 
Since there are six notches in the fall 
Qi =: 133*6 and Q» = 2126. 
hai = 0-0166 F,« = 0-0165 (l-92)« = 0-06 nearly. 
hat = 0-0165 r," = 0-0155 (2-29)* = 008 nearly. 



Then 




133-6 _ 37.27^ 



5-35 X 0-67 

212-6 
*36 X 0-67 



= 59-31. 



and 



and 



f-S, = (4-6 + 0-06)* — (0-06)* = 10-06. 

L^, = (60 + 0-08)* — (008)* = 14-99. 

fC, = 4-6 X (0-06)* - i [(4-6 + 0-06)* — (0*06)*] = 

I ( - 18-76). 

] (7, = 6-0 X (0-08)* — * [(6-0 + 0-08)* — (0-08)*] = 
( — 36-46). 
Then from equation III — 

_ , (37-27 X 14-99) - (69-31 x 10-0 6) _. 0-2215 
** "" * (18-75 X 14-99) - (3G-40 x 1000) 

and from equation I V*— 
, _ 3 7-27 -(0-443x18-75) _ 

*^ 10^00 — ^ '*'*• 

98. Bridges and Culverts.— As a rule, bridges or culverts should 

be provided not only for regular made roads, but for all village tracks 
on wbidi there is cart traffic. When the normal fuU supply depth in a 
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channel exceeds 2 feet, such means of carrying wheeled traffic across 
channels are a necessity. Should village tracks be unnecessarily numer- 
ous, it will be sufficient to provide such accommodation in the way of 
bridges as will obviate any great or material lengthening of the dis- 
tance to be traversed by the traffic between villages, or between a village 
and the lands beyond a channel thereto belonging. 

When a channel runs close to a village, a bridge at, or about the 
nearest point to the latter is desirable, as the traffic after crossing the 
channel, can diverge in any required direction. 

Culverts under a channel can, when the width and headway are 
dufficient, bo made to afford facilities for traffic, if care be taken to pro- 
vide suitable approaches, and to prevent accumulations of water and mud. 
Attention should, therefore, be given to these matters whenever a culvert 
may be made to serve the double purpose of passing drainage and the 
traffic of the countrv. 

90* Data for Design.— The design of bridges and cuWerts is 
affected by many considerations, of which the following are those needing 
special attention : (1) the cross section of the channel ; (2) the depth of 
water, whether fixed or variable ; on this will depend the level of the 
springing of arched bridges, and of the tops of the abutment walls of 
girder or platform bridges ; (3) ground level; (4) road normal level; 
(5) nature of soil and sub-soil ; (6) velocity of water ; (7) gradient 
required for road approaches when the normal level of the road is below 
the intended level of centre of length of bridge. 

100. Details of Design.— The span, or sum of the spans, of a 
bridge should, as a rule, be equal to the mean width of a normal or 
average section of the channel, Spans of 15 to 20 feet are economical 
whenbj their adoption a single span will suffice, and it is but seldom 
that larger spans across irrigation channels could be adopted without 
increase of expense. The depth of cutting, as also the road (normal) 
level, will materially affect the desirable level for the roadway, and 
consequently the width of span most suitable to the particular circum- 
stances. The oost of approaches is often an important item, which may 
directly affect the selection of the dimensions of the openings. 

Ordinarily arched bridges are cheaper than those with iron girders, 
but for small spans of not more than about 9 feet old raftway metals, 
when available, make good girders at a very moderate cost. A 24-fe6t 
rail will cover two such spans. Segmental arches are the simplest and, 
therefore, ordinarily the best. Curves struck from five or more centres 
may be used when an approximation to the semi-ellipse is desired, but 
three-centre curves need a high rise and are usually unsightly. 

The level of the springing of arched bridges should generally be not 
less than 6 inches above O.W.L. (ordinary water level) and not more 
than 6 inches below M.W.L. in a channel. The underside of girders 
should be at least 6 inches above M.W.L. I'he margins to be allowed 
will generally be greater, but the above minima will be suitable, when 
to enlarge them would unduly enhance the cost of the approaches. 

The length of the wings will depend on the level of tne roadway at 
their ends, and the point to which the slope along the wings can be con- 
veniently or safely allowed to extend, with the level of the base of the 
slope at this point. Some of the oases commonlv met with are ; when a 
berm has to be left at the top of the channel side slope, in which case. 
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the side slope of the approaoh will end at the outer line of the berm ; 
when the approach slope has to be formed so as to be a prolongation of 
the ohannel side slope, at the same or a different inclination; when 
the difference of level of the ground on the two sides of a ohannel is 
material, and causes difference in the heights of the approaches at the 
ends of the wings, with consequent different lengths of wings ; when 
the axes of the road and channel are not at right angles, and the wings 
at the same end are therefore of different lengths. High approaches 
should have substantial side ridging, from a foot to 15 inches in height, 
as a protection ; this side ridding, as normal road level is approached, 
may diminish to the ordinary height of from 4 to 6 inches. 

The width of the roadway is dependent upon the class of road, 
and, in some degree, upon the length of the bridge, for a short narrow 
bridge may do very well where a long bridge of the same width would 
be inconvenient. The minimum width of roadway, between the 
parapets and above the wheel guards, suited for cart traffic is 7 feet, 
and this width is applicable only to short bridges or oulvertSj with 
low parapets, on tracks between villages. A width of 9 feet is sufficient 
for snort bridges on which carts will not need to pass, while 1 3 feet is 
the smallest width which will allow carts to pass each other safely. 
Except in the immediate vicinity of large towns, a width of 18 feet is 
sufficient for even long bridges. 

The gradients of the approaches should not be steeper in any case 
than 1 in 16. At bridees on made roads 1 in 20 will be a suitable 
gradient, and at large bridges with long approaches 1 in SO will be 
convenient. The point to be borne in mind in this connection is, that 
the gradient should not be so steep as to prejudice the traffic or to 
involve undue exertion on the draught cattle. On mere tracks, carts 
are necessarily lightly laden, and a somewhat steep gradient is un- 
objectionable ; but on made roads, heavy loads may be taken and 
then steep gradients, except of small length, would be very inconvenient. 

The depth, spread^ and description of foundations (f.^., whether on 
wells or otherwise), wiU depend upon the nature of the soil. With 
small spans, instead of laying separate foundations for each abutment 
and pier, it is preferable to put down an all-over bed of concrete, which 
wil] ensure better and more reliable work, especially when a flooring 
with retaining walls may be necessary. 

The description and extent of the flooring, retaining walls, etc. (if 
any^, will deperid upon the nature of the soil, and the maximum velocity 
of tno water, whether augmented l)y contraction of waterway or not. 

Finally bridge designs should be prepared so as to secure the 
accommodation required at a minimum cost for bridge and approaches 
together. 
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CHAPTER VII. 

OEOSS DRAINAGE WORKS— INLETS AND ESCAPES— 
SUPERPASSAaES— AQUEDUCTS-SYPHONS. 

101* Drainage Works.— An irrigation canal is best placed, of 
conrse, when it runs on the crest of a ridge, and when the draina^ of 
the neighbouring country flows from it on either side. Snch an ideal 
position, however, is rarely attained by any canal during the whole of 
its course, except perhaps in some cases in deltaic systems ; and when 
the line of a canal is carried round the sides of hills or along sloping 
ground great difficulties are sometimes experienced in passing side 
drainage. The cost of the work necessitated by cross drainages is 
often considerable, and in some cases, — as in the Ganges and Sirhind 
Canals — it may exceed the cost of the head works themselves. Cross 
drainages, when the volume of water concerned is small, may be 
admitted into a canal by an inlet dam and absorbed in it, but when 
the volume is too large to be treated in this manner, the discharge of 
the cross drainage may be passed in one of the following ways : — 

(1) Through the canal by inlets and escapes. 

(2) Over it by superpassages. 

(3) Under it by aqueducts, syphons or culverts. 

The system to be adopted depends mainly upon the relative levels 
of the beds of the canal and drainage, and partly on the relative 
cost of the different systems. When the bed of the drainage is at the 
same level as that of the canal, or slightly above it, it is generally 
cheaper to pass the discharge through the canal by means of an inlet 
on one bank and an escape on the other, than to carry it under the 
canal in a syphon. If the bed of the drainage is above that of the 
canal, a sujperpassage is generally cheaper, and more secure, than a 
syphon. Ii the bed of the drainage is below that of the oanal, it is 
generally better — and of course, essential, if the canal is navigable, — to 
carry the drainage under the canal, by means of a syphon or aqueduct, 
than to carry the canal und**r the drainage. 

102. Drainage Cuts or Diversions.— Much may be done in 

the way of disposing of drainages by drainage cuts or diversions, that 
is by altering their course so as to make them flow clear of the canal. 
An instructive example of dealing with drainage in this way is the 
case of the Chuhi torrent on the Sari Doab Canal. This torrent had 
two outlets, one running into the Beas and the other into the Bavi 
river just above the canal crossing, llie latter was embanked close to 
the bifurcation by boulder dams and spurs of the same material, and 
by these means the water was forced down the Beas and the expense 
of crossing the canal was saved. 

13 



98 




9» 

On the Betwa CaDal is another intereeting diversion cut. The tint 
tixmiloBof thia line are protected by a drainage channel, 15 feet wide at 
hottom and 6 feet deep, wbicli nine parallel to the canal and . intercepts 
the minor drainage from small streams; this it discharges into the 
Betwa river above tlic point of diversion of the canal. 

103. Inlet Dams. — ^Wben the drainage encountered is intermit- 
tent, and its volume is small relatively to that of the canal, mnoh 
expensive oonstruotion may he saved by admitting the water directly 
into, and permitting it to bo absorbed by, tbe canal. If the volume of 
the drainage is amaU, the inlet dam may be nothing more than a 
retaining wall of loose stone packed dry, and in this case the bed and 
banks of the canal above and opposite should )>c revetted with dry stone 
packing to protect them from erosion, Fig. 67. In the case of drauu^ 
torrents more substantial works than this will bo required, and it may 
be necessary to l>uild a masonry inlet dam and perhaps to bniM a 
portion of tlic canal channel of misonry revetting tbe opposite bank 
with loose stone. 

104, Level Crossing's. — When the dischai^ of the drainage 
channel Is large and it is cncnnntered at tbe same level as the canal, it 
may be passed through the latter by means nf inlets and escapes. The 
discharge capacity of tho escape must ho ample to pass the greatest 
flood volume Sikcly to entei- and a regulator should De plaeed in the 
canal immediately below the escape in order that only the proper 
amount of water may be permitted to pass down the canal. 



Fig. 6B. Bntmoo CroMinf. 



i^he most intereBting example of a level orossing is tkat of the 
Butmoo torrent on the Granges oanal. The Eutmoo torrent, which crosses 
the Granges Canal at a point where the bed of the torrent and that of the 
oanal are at about the same level, carries some 35,000 cubic feet a 
second, and has a bed slope, near the canal, of 8 feet a mile. There is 
an inlet and an escape opposite each other in the banks of the canal, and 
a regulating bridge in the canal itself below the crossing, so that when 
there is a flood in the But moo, the discharge of the canal can be 
regulated at will, and is not affected by the discharge of the torrent 
(Fig. 68). The iialet and escape consist essentially of a floor at canal bed 
level with piers dividing the opening into bays which can be closed with 
shutters. The intention originally was to close up the vents in the inlet 
to prevent water standing in the bed of the Eutmoo, and arrangements 
were made for draining off the leakage ; but in practice this is not done, 
and the canal water remains impounded in the depressed channel of the 
stream when there is no discharge in the torrent, so that the inlet sluices 
might have been omitted altogether. The outlet, which consists of 47 
sluices, is fitted with falling gates, hinged at the lower edge, which can 
easily be dropped when a sudden flood comes down the Eutmoo, and 
there are gloves for horizontal planks in front of the falling gates. 

106. Superpassages. — ^Where the bed of the canal is at a lower 
level than thai oi the drainage channel, a superpassage is employed to 
carry the latter over the canal. A superpassage is practically an 
aqueduct, though there are some elements entering into its design which 
are different from those affecting aqueducts. The volumes oi streams 
which are to be carried in superpassages are variable, at times they may 
be dry, while at others their flood discharge may be enormous. No 
provision has to be made for passing flood waters under the structure, 
since the discharge of the canal beneath it is fixed. On the other 
hand, the waterway of the superpassage must be made amply large to 
oarzy the greatest flood which may occur in the drainage channel, and 
much care must be taken in joining the superpassage to the stream bed, 
above and below, to prevent injuiy by the violent action of the flood 
waters. 

A superpassage possesses the great advantage of keeping the canal 
completely free from any influx of flood water from the drainage 
ohonnel, which is always more or less heavily charged with silt, it 
has the additional recommendation of not requiring the maintenance 
of a large establishment every rainy season, as in the case of a level 
crossing, where the regulating apparatus must be worked by manual 
labour. And, lastly, Qie canal supply can thus be kept up without 
interruption, there being no necessity to shut it off at the crossing to 
keepthe flood water out of the canal. 

There are two fine examples of superpassages a few miles below the 
head works of the Upper Granges Canal, by which the Puttri and 
Eampur torrents are carried across the canal. The discharge of the 
former amounts in time of flood to as much as 15,000 cubic feet per 
second. The Eampur superpassage is built of masonry founded on 
wells and its flooring, which is given a steep slope in order that the 
velocity shall prevent its filling with sediment, is 3 feet in thickness 
above the crown of the arches, and is bordered by parapets 7 feet 
wide and 4 feet high. The flooring and parapet continue mland from 
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the body of the work a dietanoe of 100 feet on eaohside, the latter 
splaying outwards so as to form wings to keep the water within bounds. 
The superpassage is 300 feet long and provides a waterway 195 feet 
wide and 6 feet deep. 

Another oxample ie the Seesooan supeipassage across thei,Satlej 

Canal (Fig. 69). Taking the catohment basin of the Seesooau as 

having an area of 24 square miles, this with a maximum rainfall of 

■ half an inch an hour, gives a maximum diaohai^ of 7,753 cubic feet per 




Tig. 69. The Beeaooiu) Saperfvinge. 
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second, agreeing very closely with the discharge calculated from the 
area of the section at the canal crossing, with the Telocity due to a 
&11 of 1 in 791. To carry this discharge the water channel is 150 feet 
wide with vortical sides GJ feet deep and fall of 1 in 794. The 
difference of level between the beds of the canal and drainage channel 
is 2r93 feet which is disposed of thus — 

PBET. 

Depth of water in canal . . . • •• . . 7*00 

Headway up to soffit of arch (for navigation) , , lO'OO 

Thickness of arch . . . . . , . . . . 3-00 

Brick on edge flooring . . . . . . • . 1*93 



Total .• 21-93 



The canal channel is spanned by three central arches of 45 feet 
span each and two at the sides, of 32 feet each ; tow paths of 7^ feet 
wide in the clear, are carried under each side arch, leaving an aggregate 
waterway of 184 feet. The mean waterway of the earthen channel of 
the canid is only 177 feet. The addition is made to this work, in 
consideration of the expense of increasing its dimensions, should the 
canal be required to carry a larger supply hereafter. The waterway 
for the drainage above the canal consists oi one channel, 150 feet wide 
at bottom, with side walls 10 feet in height, 5 feet thick at the base, 
4 feet at the top ; the flooring over the arches wp,s designed to be of 
asphalte or some substance impervious to water, the upper surface being 
covered with some hard material, probably a layer of kunknr slabs. 
The bfiwking of the abutments was to be of puddled clay, covered with 
a flooring of kimkur, slag or boulders packed in cribs, 

106. AfU6dtlCts«— Aqueducts, nsually called Flumes in America, 
are used to eany a canal over a river or otner obstruction. Care jnust 
be taken to study the discharge of the stream crossed in order that the 
waterway imdesr the aqueduct may be ample to pass the greatest flood 
which may possibly occur. Another point needing care is that, as 
already explained in the case of superpassages, the junction of the 
aqueduct with the earthen embankments at its ends should be made 
watertight. 

For want of ample provision for flood water the Kali Nuddee 
aqueduct across the Lower Ganges Canal was destroyed on January 17th, 
1885, causing great loss, not only on account of the cost of reconstruction, 
but also on account of the stoppage of irrigation. In this case the 
waterway under the aqueduct was calculated to carry 30,000 cubic feet 
per second, while the flood which destroyed it amounted to 135,000 
cubic feet per second in volume. The present structure, which is of 
similar design to the one destroyed, is perhaps the most magniflcent 
aqueduct ever built, and consists of 15 masonry spans of 60 feet each, 
divided by abutment piers into three sets of 5 spans each ; the whole 
work is founded on wells sunk 50 feet below the bed of the stream. The 
circular wells are 20 feet in diameter under the piers and left (canal) 
wings, 13 feet in diameter under the river wings, and 12 feet in 
diameter under the abutments, abutment piers, and right (canal) land 
wings. The river wing walls ran back well beyond the ends of the land 
wings, to protect tho flank of the work. The main arches are 4'15 feet 
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Vig, 70. SnperpMtkgo.ln the Pariyar S;rtt«MB. 
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Fig. 71. SoperpnBB«ye in the Poriyar Sjgtem. 

thick for one-third of their width at the oeiitre,'aiid 4'58 feet at the 
Bidea; the load ou the main aroh is lightened' by^spandril arohea of 4 
feet span, vith piers 1*7 feet thjek. There is onej oonrse of bricks laid 
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Fig. 72. The Kali Noddee Aqnednot. 

flat in cement over the spandril arches, and the entire canal fioor is 
coTered with a layer of fine cement coporete, and the sides of the 
ehannel arc plastered with cement in order to mafae them perfectly 
watertight. The width of the channel across the aqueduct is only 130 
feet, which causes a velocity of 4 feet a second at times of maxmiam 
supply : the bed and sides of the earthen channel, where it is contracted 
ahoTe and below the aqueduct, are strongly revetted with rubble to 
enable them to withstand the velocity. 

Another great structure of this kind is the Solani aqueduct above 
the G-anges Canal. This consists of an earthen embankment 2} miles 
in length across the Solani valley, its greatest height being 24 feet. 

11 
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This embankment is 350 feet wide at the base and 290 feet wide at the 
top, and on this the canal banks are formed, the width of the banks 
being 30 feet on top and the bed width of the canal 150 feet. The 
aqueduct is 920 feet in length with a clear water space between piers of 
750 feet, disposed in 15 spans of 50 feet each. The breadth of each 
arch parallel to the channel of the river is 192 feet, and its thickness 
5 feet. The greatest height of the aqueduct above the river bed is 38 
feet, and the walls of the waterway are 3 feet thick and 12 feet deep. 
This structure is founded on masonry piers resting on wells sunk 20 
feet in the river bed. 

107. Ounnaram Aq^ueduot.— Colonel Baird Smith, a distin- 
guished officer of the Bengal Engineers, who saw the aqueduct early 
m 1853, has the following description of, and remarks about, it in his 
' Irrigation in the Madras Provinces' and a plan of the work as it then 
was, taken from that book, will be found in the Atlas volume of this 
* History ' : — 

'*The passage of the branch is effected by means of the Gunnaram 
aqueduct, a work most creditable to the professional character of Lieutenant 
Haig of the Madras Engineers, the officer by whom it was constructed. It 
will be convenient to give a short description of it here. The total length 
oi the aqueduct, between abutments, is 2,248 feet, divided into 49 arches of 
40 feet waterway each at the springing of the arches, and 48 piers of 6 feet 
in thickness at the same points, with an external batter of 6 inches on each 
side. The abutments on both sides are segments of circles, having radii of 
35 feet terminating in return walls, binding the work into the embankments 
of the channels, 15 feet in lengfch e^ich. These and the piers rest on wells 
5^ feet in diameter, and sunk 8 feet deep in the sandy bed of the stream. 
Over the well-tops is a flooring which, in 25 arches, is composed of concrete, 
strengthened by five bond-walls of bricks, 2 feet in breadth. The flooring 
is 1 foot thick and is supported by five rows of wells, 4 feet in diameter, and 
sunk 3 feet in the sand beneath, the heads being secured by the bonds first 
alluded to, which run through the whole length of the flooring. The total 
height of the piers from the floor to the springing line of the arches is 1 1 J feet, 
the rise of the arches 7 feet, their thickness throughout 2^ feet ; the height 
of the parapets above the line of the crown of the arches is 6 feet, and they 
are surmounted by light wooden railings H^ feet in height. The top of 
each parapet is made to carry a foot pathway 6 feot in breadth for purposes 
of cross communication. The spandrels are not filled in * ; there is no 
flooring to the aqueduct channel between the parapets, which are 2 feet 
thick at top and 3 at bottom, with spandrel walls 1 foot thick and of lengths 
variable according to their position. The water thus flows over an exceed- 
ingly rough bed, and when I saw the work, there were several awkward 
rapids at different points of its length. There is a fall of 2 feet from the 
eastern to the western end, which is nearly at the rate of 5 feet per mile, 
causing great rapidity of current. The breadth of the channel varies a 
little, ranging from 22 to 21 feet. Loose- stone aprons protect the founda- 
tions in front and rear, and they will be extended as occasion requires. 
The architectural design is perfectly plain and hard ; in fact the elevation 
is merely that of a wall with a series of holes through it, and its appearance 
is even heavier than there was any occasion for making it. The whole 
stnxoture is of brick in excellent cement, the bricks being unusually large 
or 18 inches bj 6 inches by 3 inches. 



* These were filled with oonorete in Ma^ ]885. 
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From the commencemeDt of preparation of materials for the work 
till the completion of all its 49 arches, only four mouths elapsed and in 
another four months, it was ready to have water passed over it. In any 
part of the world this would have been a noteworthy achievement ; in an 
out-of-the-way part of the Madras Presidency where machinery was almost 
unobtainable and most of the skilled labour required had to be trained as 
the work went on, it was an extraordinary feat. ' 

108. Iron AaueduotS.-^But few of these hayc been constructed, 
though it is probaole that they will continue to grow in favour. The 
chief difficulty encountered in constructing long aqueducts of iron has 
been the expansion and contraction of the metal, though this in fact has 
proved to be an imaginary rather than a real danger. In practice, it 
has been found that the metal of the structure has approximately the 
same temperature as that of the water, and as this is somewhat uniform 
but little change takes place in the dimensions of the aqueduct. On the 
Gorinne branch of the Boar River canal in Utah is a simple iron aqueduct 
resting on iron trestles (Fig. 73). The floor of this is 37 feet above the 
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Fig. 73. Bear Biver Aqueduct. 



bed of the stream, and its length is 130 feet disposed in three bays, the 
centre span of which is 60 feet long, the other two being respectively 
25 and 45 feet long. This aqueduct is essentially a plate girder bridjge 
resting on iron columns and founded on iron cylinders filled with 
^norete and resting on piles. The plate girders forming the sides o^ 
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tiie aqnedaot are 5^ feet in depth, the avRilable depth of water being 
4 feet. The eidea of the gimer ate braoed by vertioal anglo irons 
riveted to it every 5 feet apart, while the top is orose-braoed by similar 
ar^le irons. These angle irons vary between 3 and 4 inches in width, 
while the web of the sides of the a<jnedaot consists of { inch iron. 

On the Henares oanal in Spain is an iron aqnedact over the Uanjannr 
torrent. This aqaeduct ia 70 feet long, with a clear span of 62 feet. 
Its waterway is 10-17 feet wide, its oapaoity being 177 feet per aeoond. 
The sides are oomposed of box girders 6'2 feet deep (Fig. 74) and 



Fig. 74. MaDJanar'Aqoedact. 

each girder is oaloulated to bear 300 tons or the entire stmctnre to 
OMpy 400 tons. To prevent leakage the ends of the aqueduct rest on 
stone templates, and 4 inches from each end is a pillow composed of 
long strips of felt carpet, 9 inches wide and eoaked in tallow, which is 
let into tne stone below the aqueduct. This presses on it with its full 
weight, thus making a water-tight joint. In addition to this lead 
fluking is revetted to the aqueduot and let into a recess of the stone 
abutment. This recess is 12 inches deep and 4 inches wide, and 
around it is poured, hot, a mixture of tar, pitch and sand, which allows 
slight play during its expansion and contraction and yet is water-tight. 
109. Syphons. — Where the canal ia not used for purposes of 
navigation and encounters drainage at a relatively low. level, the most 
oonvenient and usual form of crossing is by means of inverted syphons. 
The ordinary method of using these is to carry the water of the canal in 
the syphons under the stream, thougli Bometimcs the stream is carried in 
the syphon under the canal. It must be remembered that the syphon 
is under pressure, and it is usual to give it such a head, or fall of water 
Borface, from its inlet to its outlet, that it has a high velocity and, 
therefore the velocity of the water passing through it has snffioient 
acouring force to prevent the deposition of silt and debris. If the watM 
passing through the syphon baa not sufficient velocity to keep it olear, 
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not only of the silt held in suspension, bnt also of the material roU'ed 
along its bed, it will, in time, get partly or entirely ehoked, and the 
water being thus dammed, will cause floods, and very likely break the 
canal banks and do material damage. 

As a matter of economy it is, of course, advantageous to restrict the 
waterway of a syphon as much as possible, and it is often desirable to 
do the same thing in order that a high velocity may be obtained. 

The capacity of the barrels of a syphon is usually designed so that 
the maximum discharge can be passed at a velocity varying from 5 feet 
to 8 feet a second, provided that the circumstances permit of a sufficient 
head being placed on the syphon to produce such a velocity. In 
syphons with a vertical drop, such as that in (Fig. 75), which was 
designed for a velocity of rather more than 8 feet a second, the flow of 
the water approaching the syphon is checked by the vertical drop, and 
it is necessary to allow ample head to produce the required velocity in 
the syphon. In most oases a head of at least 30 inches would be required 
to produce an 8«feet velocity, and it is often difficult to obtain this 
without going to considerable expense, either in embanking the channel 
above the syphon or in excavating it below it, and in flat shallow 
drainages it may be impossible to do eithier. In the latter case there is 
no alternative but to increase the waterway of the barrels to such a 
point that they will be capable of carrying the discharge with the 
velocity due to the head which can be obtained. In all cases of shallow 
drainages of slight surface slope, shallow and wide vents are preferable 
to narrow ones of the same waterway, in order that a wide entrance and 
exit over the lip of the syphon may be obtained for the water entering 
it and leaving it. Figs. 76 and 77 show a typical section of the syphons 
construoted on the Ghenab canal in the Punjab, which are very suitable 
for cases of this kind. 

110. Examples of Inverted Svphons.— An interesting struc- 
ture of this kind, which is practically a syphon aqueduct, smce the 
waters of the stream are carried under those of the canal, is that 
carrying the Kas torrent tinder the Soane canal, Fig. 78. This work is 
built of the most substantial masonry, the area of the superstructure 
being contracted and given a slightly increased fall to carry the waters 
of the canal, while the waters of the torrent flow over a masonry floor 
which is depressed a few feet. The Kas Nullah, which drains an area 
of 57 square miles, of which the greater part is in hilly ground, is 
subject to sudden floods and the discharge was estimated to be equal to 
a run-off of 6 inches in 24 hours, or 161 cubic feet per second per square 
mile, but experience has shown the discharge is not as great. This 
work, and most others of this class, are subject to the disadvantage that 
the syphon is liable to be filled up by detritus washed into it during a 
flood. The result of this may be disastrous. In the case of the Eas 
syphon the accumulations in it have been partially cleared out every 
year. 

In all works of this class it is necessary to consider the upward 
pressure on the covering of the syphon vents due to the head upon 
them under the most unfavourable conditions, which occur, of course^ 
when there is no water in the upper channel. It may be that the canal 
will never be dry at the time when a flood occurs in the drainage, but it 
is usually better to provide for such a case. In the Eas syphon the 
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cover stones of tlie yeats are anchored down to the foundation hj 
wrought iron bolts. 
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Vig. 75. Fig. 77. 

T^piokl Section of ij^oat on th« Ctien^b CuUl. 
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qoeduct on llie Snaoe Csukl. 



The most .^lagaifioeat maeonry syphon ever built is that carrying 
the waters ot the Cavoar oaoal uodor the Sesia rivet in Italy, 
Fig. 79. Its total length is 878 feet and it consists of elliptical shaped 
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orifices or oulverts, the horizontal diameter at the entrance of each is 
16*2 feet and the yertical diameter 7-8 feet at the entrance, and 7 feet 
6 inches at the exit, the amount of depression of the water surface in 
the canal being H feet. The area of the 5 culverts at the entrance is 
about 483 square feet, and the canal was designed to carry 3,883 cubic 
feet per second. This would give a mean velocity, at the entrance, of 
about 8 feet per second, and, with a supply of 3,000 cubic feet per 
second, it would give a mean velocity of about 6 feet per second, and, 
with these velocities, it is found that no silting of the culverts takes 
place. The syphon consists of a substantial concrete floor or founda- 
tion 11^ feet in thickness under the river bed, its roof forming the 
floor of the river channel and being about 5 feet in thickness. 

Another largo syphon is that on the Sirhind canal where it crosses 
the Hurron torrent The total length of this is 212 feet, and it consists 
of two openings each 4 feet high by 15 feet wide. The water drops 
from the canal almost vertically into a well, the floor of which is on a 
level with the floor of the syphon, while at its exit it is raised again to 
the level of the outlet canal up an incline built in steps. 
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CHAPTER VIII. 



NAVIGATION— LOOKS— LOCK- WEIB8—T0WPATHS, 

FENDER PILES— BBI DOES. 

111. Canals for Navigation only. — There are three large 

canal systems in India which have been constructed solely for the pur- 
pose of navigation ; these are the Circular and Eastern canal and the 
Orissa canal in Bengal, and the Buckingham canal in Madras. These 
systems are not used in anjr way for irrigation, and could not be so 
used, as the water in them is generally brackish. The canals are in 
immediate contact with the tidal creeks and rivers connected with the 
Bay of Bengal : indeed the greater portion of the Eastern and Circular 
canal, which connects Calcutta and Barrisaul in Eastern Bengal, 
consists of natural tidal channels which have been artificially improved, 
and which are maintained in a fairly efficient state in order to bear to 
Calcutta the products of the eastern and northern districts. The Orissa 
canal and the Buckingham oaual are both coast lines ; the latter was 
undertaken primarily as a protective work after the famine of 1877-78, 
in order to connect the G6dAvari and Kistna deltas with the southern 
districts of the province. Of these three navigable systems, the 
Calcutta and Eastern canal, which was partially in operation at the 
end of the eighteenth century, has always paid well, but the others are 
not financially successful at present. 

112. Irrigation Canals adapted for Navigation.— Of the 

large canal systems in the Upper Provinces of India and in Madras, 
which were primarily constructed for irrigation, twelve are also adapted, 
in certain portions of their channels for navigation also. None of the 
canals in Bombay or Sind have been constructed so as to be available 
for navigation, although small boats are sometimes used on parts of 
them. The mileage of irrigation canals which are also navigaole are 

shown in the marginal statement. 



Prorinoe. 


Mileage of 

irrigation 

canals. 


Mileage 

which is 

na viable. 


Bengal 
North-Weat 


710 
1,420 


(o)4C7 
(b) 512 


ProvinoeB. 
Punjab 
Madras 


4,058 
3,143 


(c) 432 

(d) 970 



It has been maintained that it is 
desirable, if not necessary, to make 
the trunk lines of an irrigation sys- 
tem navigable, in order that an easy 
and cheap means of carriage may be 
available for exporting the surplus 
grains and other products which 
irrigation produces ; it has also been 
argued that the expense of the addi- 
tional works is not large, while the 
convenience to the people and to 
the officers in charge of the canals 
is very great. It is, however, by 
no means easy to estimate correctly the difference in cost between an 
irrigation canal of a given capacity, and one of the same capacity 
which is suitable for navigation; the difference, is by no means 



(a) The Orissa, Sone and Midnaporc canals. 

(6) The Qunges, Lower Ganges and Agra 
canals. 

(0) The Western Jiimna and Sirhind canals. 

((/) The G6d&vari, Kistna and Kumool 
ranalt. 
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represented by the cost of the locks which have to be added at the canal 
falls. One of the chief reasons, no doubt, why water carriage has not 
been successful in India is because canals primarily designed for irriga- 
tion do not connect centres of trade, but run on lines suitable for 
irrigating the land ; another reason of the small receipts is probably to 
be fe)und in the fact that in a highly cultivated district large numbers 
of draught cattle are required for ploughing which, at odd times, are 
available for carting the surplus crops to market at a very nominal cost 
to the owners. 

113. Liiniting Velocity of Water, — Considered in connection 
with navigation only, the smaller the velocity of the water in a canal, 
the better it will be for traffic, but, in fresh water canals, there is usually 
the conveyance of water for irrigation to be provided for, and in decid- 
ing what velocity may be allowed, the character of the water-supply 
needs to be taken into consideration, lest on the one hand, by adoptmg 
a very low velocity, the water be robbed of much fertilizing material, 
and^ on the other hand, the cost of the periodical clearances of silt be 
unduly enhanced. 

It has been found from experience that a mean velocity of 1*50 to 
1*75 feet a second does not materially add to the cost of transport, and 
these velocities have accordingly been adopted in the Madras Presidency 
for the more important, and for the secondary lines of transport 
respectively ; though at times, especially in the main canals, higher 
velocities, when the water level is above that of normal full supply level 
prevail. With, then, the ordinary full depth of water, it is desirable 
to limit the velocity, as above shown : but in any particulaj* case, the 
primary object of the canal shoold be allowed due weight, and if this 
be irrigation, its efficiency must be secured, even though navigation be 
thereby rendered less convenient than could be wished. 

114. Navigation in the Dry Season.— Canals which carry 

any considerable quantity of water for irrigation have an appreciable 
surface fall, and, m order that, when the irrigation is over, and the 
supply of water runs short, navigation should still be conveniently 
practicable, it is necessary to arrange for getting rid of this surface fall 
to any desired extent by "holding up the water-level at the lower end of 
each reach, so as to secure a minimiun depth of water at the upper end 
of the reach. This minimum should not in any case be less than 4 feet, 
while, in reaches in which the fall between the upper and lower ends is 
small, the minimum may conveniently be fixed higher. It has to be 
remembered that though 4 feet of water will keep any boat used in 
inland navigation clear of the bottom, a greater depth is highly desirable, 
seeing that the greater the sectional area of the waterway, in proportion 
to the immersed sectional area of the boat, the less will bo the traction 
power required to obtain any given speed, and this holds good for even 
the low speeds of not more than 2^ miles an hour, at which cargo boats 
are run ; while for the faster passenger boats, and still more for steam- 
launches the importance of ample waterway is very great. Even on 
the larger of the Delta canals —the main canals when running full 
excepted — a speed of more than 6 or 7 miles an hour with the cmTcnt, 
and of 5 miles an hour against the current, is, owing to the cumulative 
resistance offered by the water, uixattainable with a steam-launch 
capable of going 10 or 11 miles an hour in the open river. Except ia 
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deep and wide oanals steam naTigation must not be expected to secure 
such rapidity of transit ae the steamers may be constructed to obtain, 
but even for ordinary traffic plenty of water is essential to the efficiency 
of a canal for navigation. 

115. Lock-Weirs.— It is evident that when the fall of the 
country is in excess of that of the canal it will be ncceasary, in order to 
prevent the canal from rising much above ground level, to drop the 
water at longer or shorter intervals, by means of fall or drop weirs ; 
these on navigable canals arc termed lock-weirs, as they are usually built 
in connection with locks. They differ from ordinary weirs chiefly in the 
fact that they must bo bridged : the required length of crest, when in 
excess of about 9 feet, being divided by piers into convenient lengths, and 
regulating shutters, worked by screw gear, being provided to maintain 
the proper water level in the upper reach, whatever the quantity of water 
passing down may be. Whenever practicable the axis of the lock •weir 
bridge and that of the lock bridge should be in the same straight line. 

116. .Locks.-— Locks are required to pass boats from one reach to 
another in both directions. They were formerly built of many different 
sizes, but from about the year 1870 the dimensions have been fixed at, for 
first-class canals, chambers 150 by 20 feet ; and for second-class canals, 
105 by ] 5 feet chambers, the lengths being measured on the centre 
line from the face of the drop wall to the mitre-posts of the lower gates 
when closed. 

Locks arc closed by a pair of gates, meeting at an angle pointing 
up stream and abutting against a sill, at each end of the lock chamber, 
into which boats arc admitted from the upper or lower reach, and in 
which, when both pairs of gates arc shut, they are lowered or raised to 
the extent of tho diffcronee of level between the roaches, by letting 
out water from the chamber into the reach below, or by introducing 
water from the upper reach into the chamber for boats proceeding up 
the canal. 

Locks should be capable of being filled or emptied in three minutes. 
The best arrangement for this purpose is that of side culverts, the 
openings or waterways in which are regulated by shutters worked with 
a rack and pinion. A vent 3 feet square is a convenient sized opening, 
and meets the usual requirements, but in each case the proper dimensions 
to secure the filling or emptying of the iock in three minutes should 
be worked out, and, if found to be slightly less than the above, those 
dimensions can be adopted as suitable. 

Screws should not be used to work the shutters as they do not open 
the vent quickly enough. Brockman's single and double purchase rack 
and pinion are excellent and inexpensive, and are well suited, the former 
for the upper, and the latter for the lower culverts. Bollards fixed a 
short distance from the look walls, or eye bolt rings fixed in the side 
walls at top are desirable for keeping beats in position while the look 
is being filled or emptied. 

At all locks at which there is night traffic, a lamp post and a good 
lamp should be fixed in such a position as will warn boatmen that tjtey 
arc ncaringthe lock, and serve also to light the lock itself. When there 
is a bridge over the tail bay, the parapet on the lock or upstream sidOt 
on the centre line, is the best position for the lamp. 
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Fig. 80. Look Weir, GodaTati Sjetcm. 




Tig. 81. Chopella Look. Godav&ri S;«ieDL 
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As a rule, a bridge shoold be proyided over the tail bay. GFang 
boards should be provided at both the npper and lower gates for the 
oonvenience of the lock establishment, and of the boat crews, to prevent 
the gate balance beams being used for crossing, a practice attended 
with considerable risk. 

117. Design of Lock.— -With regard to the desim of the lock 
itself, this will vary for every difference in the height of the walls, the 
thickness of certain parts of which will depend upon that height. 
Figs. 81 and 82 show the designs of locks which have been recently 
constructed in the Madras Presidency, and which include the improve- 
ments which have been from time to time found to be desirable. In 
Fig. 83 will be found details of gates and gang boards. 

The ffates of tidal looks require to be protected with copper sheathing 
up to a few inches above high water of spring tides, and all fastenings 
up to the same level should be of copper. 

118. Tidal Canals.— Tidal canals are connected with the several 
rivers across the lines of which they are carried Unless then the canals 
be excavated to a depth sufficient to secure the normal depth of water at 
low tide, an arrangement which would generally involve much difficulty 
and expense, it is necessary to provide locks at the junctions, so as to 
maintain the water in each reach at, or nearly at, high tide level. 
Further, as the admission of flood water to a canal, when the rivers 
are in fresh, would lead to the deposition of much silt, it is requisite 
that the means of excluding flood water should be provided : extra, or 
flood gates, with their salients towards the river, — and, therefore, 
opening the opposite way to the other gates — enable this to be done. 
The tops of such gates, and the side walls behind the gates for a 
sufficient length to admit of a proper connection with the flood banks, 
should be of the same height as the latter, and in all eases several feet 
above M.F.L. in the rivers, the margin to be allowed being determined 
by the degree of the completeness and reliability of the evidence as to 
M.F.L. A design for a lock of this description is given in Fig. 84. 

119. Site Flans for Locks and Lock-Weirs.— Site plans are 

specially requisite when looks and lock-weirs have to be constructed. 
The arrangements need careful consideration, so as, on the one hand, 
to avoid material alteration from the normal in the velocity of the 
water in the approach and tail channels of the weir, and to secure an 
equal discharge over each part of the latter; and, on the other hand, to 
keep the length of these channels as small as may be consistent with 
efficiency. Fig. 85 shows one system of placing the lock and lock-weir 
at a point where a drop occurs in the canal bed. In that case the 
channel carrying the irrigation supply is diverted to the weir, and the 
lock is located on the direct line of the canal; this is the system 
usually followed in Southern India and in Bengal. On the Ganges 
canal exactly, the opposite procedure was adopted as shown in Fig. 86 
the lock being placed in the loop and the main canal being carried 
straight through on its true alignment over the fall. This system is 
preferable in those cases where the discharge is very large, but a lock 
channel of so great a length is open to serious objection where there 
is much silt in the water, for, in that case, it rapidly fills up with 
deposit. On the Sirhind canals the locks and falls, Fi^. 87, are built 
together as is usually done in France; this system keeps the lock 
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Fig. 82. Doable Lift Lock. BaoUngliam Canal BjtUnt. 
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Fig. B4. Adjar Look. BaoUughaTt) Caiul Syiitem. 



fig. 8S. General Site )'lan of Look on Uidnkpore Caatl, 
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Fig. 86. Site Plan of Lock and Fall on Ganjes Canal. 




pig. 87. Bhawani Begnlatot with Look and TaiX on Siiluiid Cwal. 
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ohaimel clear of silt, but it is objectionable, especially where there are 
lai^e unwieldy boats to deal with, on ajDOount of the difficulty in 
getting the vessels into the lock ; the stream to the weir producing 
a current across the mouth of the lock, boats cannot easily be kept in 
their proper course, but are liable either to be drawu into the weir 
channel or to run with some shock against the lock walls. 

120. Fendor Piles.— -When a lock- weir, surplus weir, or large 
head sluice is placed in the bank of a canal, and a considerable local 
current is thereby induced, a line of fender piles, connected by stout 
beams or wales, fixed at from 1 foot to 18 inches above normal F.8.L. 
should he provided across the whole front of the weir or sluice, to prevent 
boats being carried by the current against the work. The piles should 
be well strutted, and should be fixed on the line that the water would 
occupy were there no break in the line of the side slope of the canal. 
Were the piles placed farther back than this line the boats would be 
liable to be drawn more or less out of their proper course,- and would 
then run against the barrier with increased force. Details of a suitable 
arrangement are shown in Fig. 88. It will often bo found convenient to 
make a gangway along the top of the piles, so as to carry the tow-rope 
along this line rather than over the weir, or sluice-bridge. 

121. Bridges.— -Bridges on navigation canals should have ample 
headway ; and the towpaths should be carried under them on both sides of 
the canal. The following are the rules regulating the dimensions and 
height of bridges : — 

First-class lines of navigation — 

(1) For bridges of more than one opening, the minimum span to 
be 30 feet, or 25 feet exclusive of a 5-f eet towpath. If there be but one 
opening, the minimum span to be 40 feet, or 30 feet exclusive of two 
towpaths of 5 feet each. 

(2) In arched bridges the clear headway under the arch or 
arches should be a rectangle 12 feet wide, and not less than 11 feet 
above F.8.L. or spring tide level, Fig. 89. In girder bridges the 
minimum headway admissible is 11 feet for the whole width of the 
canal. An additional foot of headway is very desirable, when it can be 
secured without undue expense. Fig. 89. 

(3) The waterway should not be contracted so as to produce a 
velocity of more than 1*50 feet a second. It follows, that if the velocity 
in the canal be at that rate, the waterway at a bridge must not be less 
than that of the canal. 

Second-class lines of .navigation — 

(1) For bridges of more than one opening, the minimum span to 
be 27^ feet, or 23 feet exclusive of a 4^-teei towpath. For a bridge of 
a single opening the minimum span to be 33 feet, or 24 feet exclusive 
of two towpaths of 4J feet each. 

(2) The clear headway in arched bridges should give a rectangle 
10 feet wide, and not less than Q^ feet above F.S.L. or spring tide 
level. Fig. 90. In girder bridges the minimum headway will be 9^ 
feet throughout, and should be greater when economically feasible. 

(3) The waterway at a bridge should not be oontraoted so as to 
produce a velocity of more than 1*75 feet a second. 
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1S2. Towpaths. — Tovpaths aihonld, TheneTer praotioable, be oloae 
alongBide the waterway, and at a level of about 13 to 18 inohes above 
normal F.S.L. or, when water is held np, at 12 inohea above still 
water level. Mnch of the oonvenienee and eoonomy of navigation 
depends npon the towpaths being close to the work, and thej ^onld 
be kept in good order, with a smooth npper surfaoe. When creeks or 
heads of channels, eto., oroM their line, foot bridges should be provided. 
Towpaths under oanal bridges should be laid out so that the rub of 
the towline against the oomers of the abatmenta may be made as 
light as posBible ; it oannot be altogether avoided, but it may be reduced 
from being a material obstruction to a slight inoonvemeDoe. The 
abutment comers should be iH^>teoted by either vertieal rollers, f^'g, 91, 



DETAILS OF ROLLER 



Fig. SI. Toirpttfa Boiler. 

or a sheet iron plate, otherwise the towrope will cut into and disfigure 
the masonry. 



Itt) 



CHAPTER IX. 



DUTY OP WATER. 

123. Duty of Water.*— The duty of water may be defined as the 
ratio between a given quantity of water and the area of crop which it will 
mature. In order to determine what amoimt of water is sufficient to 
irrigate a given area of land it is first necessary to, at least, approxi- 
mately determine its duty for the specific case under consideration. On 
the duty of water depends the nnancial success of every irrigation 
enterprise, for as water becomes scarce its value increases. In order to 
estimate the oost of irrigation in projecting works, it is essential to know 
how much water the land will require. In order to ascertain the dimen- 
sions of canals and reservoirs for the irrigation of given areas the duty 
of water must be known. 

The duty of water is influenced by different circumstances and varies 
according to the following conditions : — 

(iV^ With the character and conditions of the soil and sub-soil. 
(2) Configuration of the land. 
_'(3) The depth of water line below the surface of the ground. 
H:*) Eainfall. 
^6) Evaporation and temperature. 
^) The method of application employed. 
c^^) Length of time tne land has been irrigated. 
( *^'f8) Nature of the crop. 
" (9) The quantity of fertilizing matter in the water. 

(10) The experience of the irrigators. 

(11) The method of payment for the water, whether by the rate 
\. per acre irrigated or by payment for the actual quantity of 

water used. 
Payment according to the quantity of water used is the beet 
method of making the irrigators use the water with economy. 

124, Units of measure for Water Duty and Flow.~In 

India it is usual to take one cubic foot per second as the unit of qua ntgy , 

and the whole penod^ctunng'wmc h a crop r equires wat er to brmg it to 
-T r -, *^-^-~-^- 5- tt^-it: i. ir^i second 

indara 




unH~i8 the '^ cubic foot . and the capacity's expresse oin millions of 
cubic feet. In America, however, the cubic Toot isTEbught to be too 



smaTI a unit to handle conveniently when considering large volumes of 
water, and there the unit adopted is the '^ acre-foot " which is the 
amount of water which will cover one acre of land one foot ia depth, 
that^is, 43,560 cubic feet. This seems to be a very convenient umt as 
it beaii a direct relation to the unit used in defining areas cultivated. 
Hence the capacity of a tank or reservoir in acre-feet expresses a direct 
ratio to the number of acres whioh it will irrigate, or its duty per 
acre-foot. 
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In considering nmomg streams, as men or canals, the eipression of 
volume must be coupled with a factor representing the rate of move- 

~ " " ilia. 



number of second-feet flowTng'in a canal S^Be" niimBer of cubic feet 
which pass a ffiven point in a second of time. The period of time during 
which water is applied to the land for irrigation from the time of the 
first watering until after the last watering of the season is usually 
known as the " irrigating period ." This is generally divi de d into severa l 
*• s ervice periods.*^ by which is m eant the ti me during which wat er is^ 

pArmiifflf^ \q Pnw nn f.bft 1f|||j fnr an y given watering. 

Each method of expressing duty is readily convertible into the other, 
providing the irrigating period be known. The foUowing simple 
formul8B are given by Mr. B. B. Buckley for use in making such 
conversions : — 

D = d uty of water in second-ieet; 

Jf^^Tmgating period per second-fopJLL 

V = cubic feel of water required to mature one acre of crop. 

8 = total depth in inches of volume used if evenly, distributed over 

Q = discharge in second-feet required to irrigate a given area (^A)^ 
with a given duty (2>), and irrigating period (B). 

V = JLx 86,400 

D 




126. Measurement of w&terliaty.— The duty of water varies 
primarily with the crop. Bice needs more water than indigo, indiffo 
more than wheat. It varies even more largely with the soil : sandy 
land — especially if the crop is rice — will take two or three times the 
water that clay soil will need. It varies with the season : if the rainfall 
is scanty, the more need for water. It varies with the condition of the 
channels: flat shallow channels necessarily give smaller duties than 
steeper and deeper ones. It varies with the distance the water has to 
be carried in the channels, owing to the loss on the road. And it 
varies in no small degree with the skill with which the distribution of 
water is managed^ not only by the cultivators, but by the canal officers. 

In considering the, .duty. of-JEater cam .should ha tak en t o show 
whetherit-i8Treckoned on the quantity of water enter ing the Jiead^f the 
calrat~mrth6~quantity applied to_th e la nd^ sAHff ^^^ ^9^^\j, seepage, 
evap oratiop, etc., in the p as sage of water thr ou^lJSo. canal are^cbnsider- 
al^Ie^ Tu^hus, if in along line of canal, the duty at the head is estimated 
at 150 acres per second-foot, and the losses by seepage and evaporation 
are 38i per cent., the duty would be reduced to 100 acres at the point 
of application. Caref al measurements made on various canals in India 
show the loss of water between their heads and the heads of the distri- 
butaries to vary from 20 to 40 per cent. Where duty on discbarge at 
canal head was 53 acres, that on its discharge utilized was 72 acres, 
while the duty on the distributaries on their discharge at outlet was 104 
acres per second foot. 
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l26. Qnantity of Water required and used per Acre for 

the CultlTation of Bioe Crops.— Statistical information on these 
subjects based, as regards the quantity of water required, on specially 
conducted experiments, and, for the quantity used, on carefully main* 
tained records, extending over a sufficiently long period, and embracing 
different des cript ions of Hm1j_vAr^f.inna nf rainfallj and other local 
circumstances is essential f.n thA ftnnnAftafnl jjesigoi ng of irrigation 
projects, and^^lo... their efficient and economical management whe n 
compl^t^tfand brought into use. 

There has been, for a very long period, a generally accepted rough 

estimate of the quantity of water usually needed by rice crops, after 

these have been sown or transplanted, on soils of an ordinarily retentive 

character, such as are the paddy fields of a large part of the irrigated 

/^J^raots of country ; and th is quantity was fnrmflrly fi-gprftanfl H na 2 nnhin 

I jards_^er acre per hour, or, accordmg to the r^°?^tf notf^^'^^j n-niR i;>f 

/ acubio foot a second per acre, equivalent to i jjfc uhio foot a second forftfi^ 

I acre s ; and this estimate is perhaps, as an average, as accurate as any 

/ such general estimate could be reasonably expected to be. A reason 

j . why such an average may be applicable to soils varying very consider- 

v^ ably in composition is the circumstance that, in the preparation of the 

p land, for sowing or transplanting, the ground is ploughed up under, or 

/ with a Ycry large quantity of, water, and is brought to the consistency 

I of semi-liquid mud ; as a consequence, all but very sandy soils become 

\ more or less puddled, and are very much less absorbent than they would 

\ be in their natural state. 
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the quantitiesof^water really required during the time that a nmp ia 
ullJBr CUU lvaCIon. ondifEor ent soils; p^nrl^ -aHfhnnf n/^nai'^lft^y^g g ^ils'too , 
much in detail, itjs ye^y dfiai^^blft fliAt f^flfirnifa infor mation should bcL 
obtained on this subiect as regards^ the sever al cl asses of land adopted 
in the "B evenue 'Settlement Department, for tlie purpnsp ^f firing 
toessmentgt^ 

The following figures taken from the Administration Beport of the 
Irrigation Branch oi the Madras Public Works Department for 1901- 
19J2 will show how the duty of water varies : — 

Acres irrigated per cabio 
Name of Canal. foot per seoond. 



06d&vari Delta System 
Kistna „ « • 

Penn6ru River Oanals Systems 
Kumool-Caddapah Canals 
Canvery Delta System 
Srivaikuntam Anictft System 






• • 



• • 






Discharge at head. 

108*80 
19880 
173-30 

69-49 

64-87 

64-56 



127. Aotual Water Supply of Canals and Channels,— 

The water snpply in channels is ascertainable in several ways. It can be 
readily caloulated at head sluices from the head, or difference of level 
of the water above and below a sluice, and the area of waterway open ; 
or it can be deduced from the depth of water in the channel itself, in 
connection with the dimensions and fall of the channel. When the 
supply of a channel is regulated by a head sluice, the former means will 
be tlie more convenient, but in some cases the distribution on divinon 
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of the supply is effected by diyiding dams, and the difference of level of 
the water above and below snoh dams is often so small as to bo in- 
capable of being estimated with sufficient accuracy from the readings 
of ordinary gauges, to admit of a reliable calculation of the discharge 
over them. It will then be better to estimate the supply from the 
depth in the channels. When, moreover, as is the case on navigable 
and other canals and channels, the supply of a reach is passed over 
a lock, or other weir, the quantity of water can be determined from 
the formula for weirs. To enable the supply to be conveniently 
ascertained from the depths, or water-level in a channel, either tables 
may be framed to show the discharge at all depths up to full, or 
maximum, supply -level or, as will be easier and better, a curve repre- 
senting graphically such discharges may be plotted, and then the 
supply corresponding to any depth can bo at once read off. For the 
delta canals, daily water reports are forwarded to the Divisional Engi- 
neer, and contain detailed information as to the actual circumstances 
of the water supply at all points where there are conservancy estsblish- 
ments to read the gauges. Similar information is available for the 
heads of all main channels supplied by anicuts on which conservancy 
establishments are maintained, and also for the principal branch 
channels as often as the regulation has to be adjusted. With works 
differing so greatly in character and arrangement as do the principal 
systems of irrigation in differeut parts of Madras, it will not be 
practicable to exhibit the same extent of information for all, but the 
variation will be rather as to detail than otherwise; and, while in the 
Gr6d&vari andKistna deltas, the supply of each day will be ascertainable, 
elsewhere the intervals between successive observations and record will 

il^enerally be much longer, and consequently the resulting information 
ess accurate, though still of much value. 

The next thing to be done is to show, for comparison with the water 
supply, the area under irrigation. This will be capable of being done 
witn greater completeness and accuracy for some systems than for 
others, and most so for the GtSddvari and Kistna deltas. Everywhere, 
however, whatever may be the defects in the information received 
during the progress of the irrigation, the actual extent of irrigation 
under each principal channel for the whole season will, in due comve, be 
accurately known, together with particulars of the extent to which the 
area under any channel has suffered from an insufficient or, it may be, 
sometimes, from a too abundant supply. 

128. Comparisons of Water Supply and Area Irrigated.— 

These are manifestly essential to the proper and efficient management of 
channels. It is better to be able to make such comparisons frequently, 
and to apply such corrections, or make such changes as the facts elicited 
indicate to be necessary, for the immediate benefit of the crops then 
on the land ; but even when this cannot be done as promptly as is 
desirable, the general comparison for the season will enable the re- 
sponsible officers to detect and remedy some or many defects, which 
would otherwise not come under notice. 

When channels have surplus works, which are regulated from time 
to time, according to circumstances, the quantity of water passed to 
waste or it may be into other irrigation channels, should be duly taken 
into account. 
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la the Delta of the Gauvery, the rivers take the place of and per- 
form the funotioQS ordinarily belonging to canals and main channels. 
In recent years, regulating works provided with shutters have been 
built at the heads of several of the principal effluents and it is now 
practicable, wherever such works exist, to calculate approximately, and 
with fair accuracy, what the water supply of each nver at any given 
time, and therefore throughout the season, may amount to. Certain 
rules, moreover, have been drawn up to guide the conservancy estab- 
lishments in the distribution of the supply whatever the depth of 
water above the regulating works may be. The very large areas 
irrigated will if compared with the supply, rainfall, etc., afford infor- 
mation of great value as to the average quantity of water needed for 
effective irrigation, while, from the detailed records, light will be 
thrown on the question as to the variations in quantity supplied, which 
may be experienced without serious prejudice to the crops. The 
Cauyery. for se veral weeks in th^ iTit^^ya] bft^-w^ft" thfl rwflgftfinTi pf \ht^ 
south-west and the setting -in of t he nort h-east mo nso on, is liable to 

be^Very short nf wnfnrj ftm! itiQ T^ijlujIHi jt ak fliiftVi ii'Tnofl ^^ilfth^ ifl fl p 

inadequate to the laree area under rice crops that, were it Apt tha t such 
crops can remain "Wmrorrt serious injury for considerable peri ods witE 
little or no water^ and then progress ^hft" ^-^^ wafi^y "K^n/^tin.aQ ogpin 
abundant, a very large propo iiion of the crop would fail. The Can very 
delta id, thereforu,- "from" Its special ciroumatances able to afford 
evide nce on t his^ pei&t, wWoh wilfbe v ery useful in dea li ng with smaller 
systems existing, "or proposed. Tot wnich the water Bupplj[_m ay 
be simttsrty'more'or less' Tt^V^ T^k "n^i^4^rTnT flnfttnatioufi d uring the 
j^^gi^ibn^eoaaon — 

It is the opinion of most officers interested in the question that the 
quantity of water supplied can be largely reduced. While there is no 
direct proof of this, tnere are many circumstances which tend to confirm 
it. The following are quoted by Mr. H. B. Clerk in his " Preliminary 
Beport on the Investigation of Protective Irrigation Works in the 
Madras Presidency.'^ Firstly, in 1899-1900, a year of exceptionally 
scanty supply in the 36d&vari,the irrigated area was the largest on record^ 
the duty as worked out having increased by nearly 50 per cent. It is 
no doubt a fact that there are circumstances which tend to reduce this 
calculated duty, but even when they are allowed for, it is probable that 
a very much smaller supply per acre was used in that year than in any 
previous year. 

Secondly^ the following facts supplied by the Deputy Collector on 
special duty on the Eumool Canal. Jji 1896 owing to the large demand 
for water for dry crops there was a short supply in the Kumool- 
Cuddapah Canal. The standing paddy at the lower end of the canal 
was 2 or 3 months old and received no water for a period between 10 and 
14 days; much less was expected on this area, but when water was 
passed on to it the crops revived and on being harvested, to every one's 
surprise, yielded an outturn 25 per cent greater than what was usual 
when unlimited water was supphed. 

For ev ery system ol irrigation ^ the o^ a sustained endeavour should 
be madcrfo ascertain as completely as .possible what quantity of water 



Ids 



area eneotiYeiy im»ted bei 

Improvements in the management of irrigation works must, as far 
as water supply is ooncemed, be based on knowledge thns obtained, and 
the snbjeot is one of great interest, besides being of great practical 
utility. 
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CHAPTER X. 

STORAGE WORKS— RESERVOIRS— TANKS—EAETHWORZS— 

SURPLUS ESCAPES— SLUICES. 

129. Classes of Storage Works.— A storage work is any yariety 
of natural or artificial impounding reaervoir or tank for the saving of 
surplus or flood waters. Storage works are employed to insure a constant 
supply of water during every season regardless of the amount of 
rainfall. They may be broadly classed as reservoirs and tanks; the 
former term being applied to works where large volumes of water are 
impounded by earthen or masonry dams constructed across the natural 
drainage lines flowing in a valley; and the latter to smaller and 
shallower works formed in natural depressions of the ground or by low 
earthen bunds placed between ridges. 

130. Preliminary Investigation.— Every part of the country 

is divided into a number of principal and minor valleys, or drainage 
areas ; the former being those of considerable rivers, the latter those of 
tributaries. The first thing to be done is to obtain a good general idea 
of the country to be investigated. The Atlas sheets will be of con- 
siderable assistance, and the Bevenue survey maps will, when available, 
show the character of particular tracts, and the extent of cultivation 
within them. 

The conditions on which sites will usually be considered to be appar- 
ently favourable will be : ( I ) a valley with a moderate longitudinal 
slope ; (2) moderate transverse slopes on either side of the axis of the 
valley ; (3) a moderate length of d!am, with suitable abutments at either 
end ; (4) a probably moderate depth of water and consequently height 
of embankment ; (5) suitable material for the formation of a bund or 
dam; (6) facilities for the disposal of surplus, preferentially at detached 
saddles with a rocky soil or sub-soil ; (7) land below the site available 
for irrigation, and to which water could be easily conducted; (8) the 
absence of much or valuable cultivation, and of many small, or any 
important villages, within the probable area of the waterspread. 

131. Examples of Reservoir Sites— The Sweetwater 

Site.— Captain H. M. Chittenden, U.S.A., who was deputed to examine 
sites and report on the practicability and desirability of constructing 
reservoirs and other hydraulic works in the States of Wyoming and 
Colorado says of the Sweetwater dam-site : '' It stands almost without 
exception as the most favourable site for a masonry dam in the world." 
The accompanying photograph, Plate XX corroborates this statement. 
A gap in the ridge at one side of the dam limits the height to 100 feet, 
and affords a natural escape of any desired capacity. 

The proposed site is situated on the Sweetwater Biver at a point 
known as tne DeviPs Ghate, about 65 miles north of the town of 
Rawlins, Wyoming, The river here outs through a granite ridg^ with a 
remarkably narrow gorge, only about 35 fe^t wide at tbe water surface^ < 



Plate XX. Sweetwater Reservoir Site. 
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330 feet deep, and 400 feet wide on top. The top length of the dam 
at the 100-feet level will be but 150 feet. Here it is proposed to build a 
masonry dam about 100 feet hij?h, which will form a reservoir 13 miles 
long, covering an area of 10,57o acres and having a storage capacity of 
about 14,216 millions of cubic feet. The available supply for storage is 
about 4,348 millions of cubic feet annually. 

The profile of the dam proposed is of heavy dimensions, the base 
width being 94 feet, and the thickness at crest 25 feet ; yet with these 
dimensions the entire cubic contents of the dam are but 21,534 cubic 
yards. The proposed outlet is by a tunnel 1,000 feet long in the solid 
rock around the base of the dam. 

132. Tonto Basin Dam, Arizona. — Of all the reservoir projects 
for irrigation storage in the State of Arizona in America^ the most 
extensive is that of building a high masonry dam on Salt River and 
converting the great Tonto Valley into an enormous reservoir, covering 
14,200 acres and impounding over 43,400 millions of cubic feet of wat^r, 
Plate XXI. The dam proposed will be 200 feet above the ordinary 
low-water level of the stream. The extreme heighLof the dam above 
foundations will be 250 feet, and its length on the top will be 647 feet, 
measured on the arc of its curvature upstream, which i8*to be on a 
radius of 818*5 feet. 

133. Defldgns.^The design for a reservoir will include : (1 ) the 
dam ; (2) the surplus weirs, or arrangements for disposing of surplus ; 
(3) the sluices ; (4) the distributaries. 

134. Earthen Dams or Embankments. — The choice of the 

material of which the dam should be constructed, whether it shall be 
earth, masonry, or loose rock, is dependent largely opon the character of 
the foundations and cost of carriage of materials. Earthen dams, when 
well constructed, are as substantial as those of masonry, and in many 
cases they are more so. In countries subject to earthquakes, or where 
the rock foundation is not thoroughly homogeneous, earthen dams are 
preferable to those of masonry. They are usually cheaper, and where 
no facilities exist for the transport of material, they are much cheaper. 
Provided a substantial escape of suflBcient capacity to carry the greatest 
possible flood be provided, an earthen dam is generally to be preferred 
m mild, damp climates. In warm, dry climates they are liable to dry 
and crack. For reservoirs over 100 feet in depth masonry dams are to 
be preferred, as earthen dams are nearly as expensive. 

As already stated the choice between the two depends largely on the 
foundation, a substantial masonry dam cannot be founded on loose gravel 
or soil; an earthen dam, on the contrary, should rarely be founded on 
rock, owing to the difficulty of making a water-tight joint between it and 
the earth. 

135. Fonndations of Earthen Dams. — ^The foundation of an 

earthen dam should be examined with great care. The best material on 
which to found it is sandy or gravelly clay, fine sand or loam. The 
first thing to be done in preparing the site of the dam is to dean off all 
soil, removing it to a depth equal to that penetrated by the roots of the 
grasses, bushes and trees. If firm and impervious, the soil may be 
scored by longitudinal trenches, which will give the proper adhesion 
between the foundation and the embankment, and prevent the slipping 

18 
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of the latter. If a puddle wall or masonry oore is to be built into the 
dam, the foundation for this should be sunk to a suitable depth to 
secure its permanence. If the dam is to be oonstructed without a 
central core and the foundation material exposed is not impervious, a 
trench should be dug and filled with some puddle material as clajey 
gravel, or gravelly, loam, moistened and worked in layers. 

136. Masonry Cores and Puddle Walls.— There is still a wide 

difference of opinion amon^ engineers as to the best type of earthen 
dam. Oocasionallj in England and in America earthen dams have 
been oonstructed entirely of earth, the front or water face being covered 
with a deep layer of some puddle material. This practice, however, is 
falling into disuse, and engineers now rarely trust to a puddle face 
alone for protection against leakage. 

The masonry oore is in great favour with many engiueers, both in 
Europe, America and India. A centre core of puddled earth is liable to 
rupture from the settlement of the embankment. Both are practically 
impervious to leakage. In building them they must be carried suffici- 
ently deep to reach seme imperviou.H stratum, and far enough into the 
side walls of the valley to prevent the passing around their ends of 
seepage water which would travel along their impervious faces. 

The earthen dam with masonry core is proba))ly the most popular 
at present, especially for very high dams and those with which other 
masonry structures combine, as maeonrv surplus weirs, or extensions 
of the dam, for then a safe bond can bo made between the core wall 
and the adjoining masonry work. MagniB cent examples of such works 
have recently bepu built in America for the water-supply of the cities 
of Boston and New York. 

Engineers in India favour the earthen dam built up in layers, 
each carefully rammed or trodden by the feet of the work-people 
in such a manner that the whole dam is a dry puddle wall. Tnis 
character of construction has all the advantages of impervioasness to 
leakage if the work is well done, w^hile it is free from the disadvantages 
possessed by dams with central cores, namely, a smooth surface along 
which water may travel, and liability to rupture in the wall. This 
liability to rupture is, however, very Blight. Still an earthen dam, built 
in layers iu the manner described, is one of the simplest and cheapest 
to constnict and may be so built as to be practically indestructible. 
With such a form of Ham a treiuli is usually excavated in the centre of 
the foundation and filled with puddle material to prevent leakage under 
and around the dam, and the material used may be so placed that the 
finer and least pervious constitueiits shall be in front, and the heavier 
and coarser materials in rear of the dam. Such a form of construction 
practically converts the dam into one having an impervious face of great 
thickness. 

137. Masonry Cores.-^The masonry oore should be brought up 
to a level with the crest of the surplus weir, and in very high dams it 
would be advisable to raise it to M.W.L. It should be as thin as 
possible in order to reduce its cost, yet as some movement may take 
plaoe in the embankment owing to settlement, it should be heavy 
enough to be self-supporting. A safe and usual rule is to give it a top 
breadth of 4 or 5 feet and to increase its thickness towards the bottom 
at the rate of about 1 foot in 10. This centre wall may be composed 
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of the beat hydraalio masonry, preferably of contrete composed of Buorp 
broken stonp, mixed with ele&n abarp sand aud Portland cement. 
Concrete, however, ih not essential ; nibble in cement is equally good, 
and ordinarily quite as oonveniont and sitiafactory. An excellent 
example of a masonry core or centre wall, for an earthen dam is shown 
in Fig. 02. 



Fig. 92. Eavlhein Dom with Maw>my Core. 

138. Homogeneous Earthen Embanbment-.— This tprpe of 
dam is oonBidered by many engineers as the most safe and cfiBcient as 
well as econoTiiical. If enough impervious material cannot be bad to 
build the whole structure up homogeneously in layers, the up-btream 
third or half should be Huilt of the best material available, the poorest 
and heaviest being pat on the lower side, and the two classes of material 
should bo well worked into one another so as to oblain perfect bonding. 
The earth should be disposed in layers the fall widtli of tho embank- 
ment and from 6 to iS inohes in thickness; each layrr being well 
consnlidotod by ramming or preferably by being well trampled by the 
feet of the worb-pcople. In building a dam np in layers in this way 
the layers sbould he so disposed that the outer edges or extremities of 
each layer should be higher than its centre by from 2 to ■I feet. 

The ideal material of which to construct an earthen dam is such a 
mixture of gravel, sand and clay that all the larger interstices between 
the particles of the former shall be filled by the sand and that all the 
nunute openings in this material aball be filled by the still finer 
particles of clay. This wouM give such a composition that the water 
would pass tbr. ugh it with the greatest amount of resistance, and the 
bant would Iw practically iiupemons. In practice, with proper care in 
mixing the ninterials so as to thoroughly incorporate them, the following 
proportions should be used : — 

CUBIC YARD. 

Ccarse gravel .. .. .. .. .. TOO 

Fine gravel .. .. 035 

Sand 01.1 

Clay 0-20 

Giving a total of about 170 cubic yards, whioh when well mixed 
and consolidated will be reduced to abont Ij cubic yards in bulk. 
These proportions can rai-ely be obtained, but no effort should be spared 
in order to approach tbem as nearly as possible in order to produce the 
best o^^mbination of materials. If jndgment be used in choouDg 
meterials, dirty gravel, or that poasessing a large amount of soil and 
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sandy matter may often be found which will give nearly the proportions 
aboTe specified. 

139. Tanks.^Tanks used or intended for irrigation are divisible 
into two prinoipal divisions, viz. (1) isolated tanks, and (2) connected 
tanks forming groups. Isolated tanks are those which neither receive 
water from, nor discharge water into, other tanks. In the Madras 
Presidency they are a comparatively small and unimportant class. On 
the other hand, groups of tanks are very numerous, and the number of 
tanks in a group is orten large. 

Tanks are further disting^uished by their source of supply as rain fed 
and river-fed tanks. The former are supplied exclusively from the 
catchment basins in which they are situated ; the latter receive more or 
less water firom such catchment basins, but are also in part supplied 
from streams or rivers draining other, and generally more extensive 
areas than those lying above the tanks. 

140. Oronpine of Tanks.— Jignre 93 shows the arrangement of 
a group of tanks. The sub-groups should be taken in their order from 
left to right looking up the basin from the terminal tank, e.g., 1 is the 
terminal tank giving its name to the group; 2, 6, 11, are the termiiial 
tanks of sub-groups. 




Fig. 93. Grouping of Tanks. 



In the case of river-fed tanks the sub-groups are named from the 
supply channel ; and if the channel has direct irrigation under it it 
* ' also be numbered. 




141. Repair and Improvement of Tanks.— Every tank 

should be placed and maintained in a state to insure its safety and its 
Sifficiency for the duty it has to perform. 

Its safety depends upon — (1) the bund or dam being high enough, 
thick enough, water-tight, and capable of resisting the action of the 
water on its inner face or slope ; (2) the sufficiency of the weirs for the 
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disoharge of surplus or flood water ; (3) the suitability and sufficiency 
of the sluices for the supply of the field channels. 

The two levels whion are of primary importance in settling the 
details of all tanks are the full-tank level (F.T.L.) and the maximum 
level (M.W.L.) to which the water mav be allowed to rise for the 
discharge of surplus. On the former level depends the capacity of the 
tank and its efficiency as an irrigating work. In a large number of 
cases the F.T.L. cannot be raised without submerging private property, 
and in this place, therefore, the improvements referred to will be 
understood to include only such as are necessary to make a tank safe 
and efficient, without providing for an increase of capacity, which 
subject will be separatelv <iealt with. 

As a necessary prebminary to the determination of the work to be 
done to a lank, a line of levels along the bund, with cross sections at 
moderate intervals, varying from 100 to 250 feet according to the 
regularity or irregularity of the earthworks, should be taken. On the 
longitudinal section should be shown the lengths and crest levels of the 
surplus weirs, the levels of the siUs of the sluices, the height to which 
each part of the revetment (if any) extends, the present heiffht of the 
top 01 the bund, the ground levels inside and outside the bund, the 
F.T.L., the M.W.L., and the intended levels of the top of the revet- 
ment and the top of the bund when these have been determined. 

The proper existing F.T.L. should be carefully ascertained. M<»re 
or less reliable evidence is to be found in the water-marks on the shdoes, 
revetments, and upright stones of calingulahs, and these can be 
compared with the accounts given by the village officers ; while, in 
surveyed districts, the waterspread of the tank, as shown on the village 
map, will be an additional guide. A variation of a few inches only 
being a matter of material importance, the settlement of the proper 
F.T.Li, should invariably be made with great care, and the evidence 
on which it may be determined should be fully explained in the field 
book in which the levels may be recorded. 

The next matter to be considered is the M.W.L. Upon this depends 
the greater part of the general arrangements, and in settling it there 
are several points to be taken into account. When facilities exist for 
the provision of long surplus weirs ; when the bund is long, and low 
with reference to F.T.L. ; and when it is not of special importance in 
connection with the safety of tanks lying further down the catchment 
basin or valley, to make the tank as far as possible an effective flood 
moderator, a small difference between F.T.L. and M.W.L. is generally 
desirable. The difference may then be conveniently flxed at 2 or 2^ 
feet, and it should but seldom exceed 3 feet, while very rarely will the 
circumstances necessitate a greater difference than 4 feet. 

142. Supply from Catchment Basins.— The formula em- 
ployed is Q = cM^, Q being the discharge in o.f.s., M the drainaffe 
area in square miles, and c^ a constant depending on the nature of the 
ground and other loosl considerations. 

Where, however, a portion of the area M is occupied by other 
tanks, the co-efficient should be as high for that portion as for the free 
area which drains directly into the tanks concerned, inasmuch as the 
tanks above operate to some extent as regulators and moderators of 
the discharge. 



l42 

In Bucli a case it is desirable to employ the following formula : Q = 

CM* — cm^ where M is the whole drainage area and m the portion of it 
which is occupied by the tanks above, the difference between M and 
m being the ' free area ' or area draining directly into the tanks under 
consideration ; c is one-fifth of C. 

As stated above the co- efficient C must depend on local circum- 
stances. For the Ghingleput district it is 500. The same co-efficient 
is used in the Madura district except in the Cumbum valley where 
c =z 600 and on the Fulney Hills where it ranges as high as 1,000. 

When a tank obtains pcurt of its supply from a river or stream and 
when the supply channel has a head-sluice and does not receive anv 
material accession of water from land drainage crossed by it in its 
oourse, the determination of the supply will easily be made. 

143. Method of Computing Areas of Watersheds, etc. — 

The followiug method of calculating areas has been largely used and 
found to give fairly accurate results. 

It is based upon the well-known principle, that if a line A, B 
(Figure 94) be drawn in any convenient position across a figure whose 
area is to be calculated, and divided into any number of equal parts, 
lines at right angles to the main line being drawn across the figure, the 
area of the figure is approximately equal to the sum of the lengths of 
the cross lines multiplied by the distance between them ; the risk of 
error diminishing as the number of cross lines increases. 

To draw the lines for every figure whose area requires to be 
calculated is tedious and not always desirable where finished drawings 
are concerned, but by having a piece of tracing cloth or paper with 




Fig. 94. Method of compntiDg areas. 



lines ruled across it at uniform intervals, it can be laid on any figure 
and the area of the latter can be calculated without the necessity of 
ruling lines on the figure itself. 
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The most oonvenient distanoe apart for the cross lines is a quarter 
of an inch, whioh will be found close enough in almost all oases. The 
total length of the cross lines, in inches, divided by 4, gives the area in 
square inches which can be reduced by a simple multiplication to any 
unit required according to the scale of the plan. 

Where the object is very regular the length of every second cross 
line only need be taken, if saving of time be an object. In this ease 
of course the area is the sum of the length divided by 2. 

In applying the ruled tracing paper to the figure, the following 
points should be attended to. First one cross line should be made to 
fall upon a pomt at the upper end of the figure. If the lower end 
of the circumference of the ngure falls upon another cross line, no 
further correction is necessary : but if not a deduction must be made 
according to the distance at whioh it comes from the last cross line. 
Thus in the sketch shown in Figure 94 one cross line is made to fall 
upon the point A. If the point B be lialf way ])etween a b and cd\ one- 
fourth the length oi a b should be deducted from the total. If two- 
thirds from a b one-sixth 'should be dodiioted, or in general terms, 
whatever the proportion which the dij^tanco of B from the liue e d 
bears to the distance between the lines^ half that proportion ot a b 
should be deducted from the total. The eye is capable of judging 
with quite sufficient accuracy of the amount of oorroeiion to be made 
on this account, which .moreover is always small as compared with the 
total area, 

144. Capacity for Storage.— The capacity of a tank for storage 
purposes is the quantity of water it is capable of holding" between the 
level of the sill of the lowest sluice and full siifply level (F.T.L.). 

This capacity can be determined by running a contour at the level 
of sill of lowest sluice and another at F.T.L. with a sufficient number 
of cross sections between the two contours to ndnjit of the laying down 
of contours at intervals of 1 foot (vertical). The cross sections should 
be taken in two sets, which should be at right angles to ench other, 
e,g.^ one set in a north and south direction, and the other set east and 
west. A convenient distance apart for cross sections is 500 feet, the 
squares then formed would measure aquartf^r nt a million square feet 
each. 

An approximate method is to ascertain the area of waterspread of 
tank at F.T.L. and to multiply this by one-third of difr'crence between 
F.T.L. and level of sill of lowest sluice. 

146. Irrigating Duty of Water.— The ' duty ' of water may 

be defined as the area of crop which can bo matured by a given quan- 
tity of water. This of course varies primarily with the crop. Sugar* 
cane needs more water than rice, rice than indigo. Jt varies even 
more largely with the soil ; sandy soil— especially it the crop is rice — 
will take two or three times more water than clay soil will need. It 
also varies with the season ; if the rainfall is scanty, more water is 
needed. It also varies with the condition of the channels ; flat shallow 
channels necessarily give smaller results than steeper and deeper ones 
owing to their greater absorption and evaporation. 

In Madras, where the irrigation is almost entirely confined to rice, 
it is the general rule that the duty of water in large channels may be 
taken as 66 acres to the cubic foot, 
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In Tank Eestoration works the discharge to be allowed throagh 
tank slaioeu is taken at 0*015 c.f.s. per acre. 

146. Tank Bonds. — Earthen embankments of great height need 
to be founded with at least as much care as those of masonry. The 
surface soil shouLi, in all cases, be removed and the nature of the strata 
below should be carefully examined by borings to see that the soil is 
homogeneoas, sufficiently impermeable to water, and capable of bearing 
the TO^ssure which will be brought upon it. 

The height of the bund above M.W.L. should be sufficient to 
provide against error in estimating the maximum quantity of water 
to be disposed of. It should never be less than the differcDce between 
F.T.L and M.W.L., or, in other words, the height of the bund above 
F.T.L should not be less than double that difference. The direction 
of the prevailing winds, at the time of the year when the tank may 
be expected to be full needs also to be taken into account. If these 
blow directly on to the bund, this may need to be made specially high, 
at any rate along those parts where the water is deep, and wh^re, 
therefore, the waves are likely to be high. Something, too, will depend 
upon the slope and description of the revetment, f>., whether this may 
have a smooth or rough surface, and be flat or steep, for with a smooth 
flat revetment the waves will run much higher up the slope than when 
it is steep and rough. 

Every bund should be in itself quite water-tight, and when the soil 
of which it is made does not secure freedom from leakage, the insertion 
of a core wall cf puddle is the only efiEective remedy. Not unfrequently 
moreover, the soil on which a bund stands is more or less porous, and 
then not only must the puddle wall be carried down to a sufficient depth 
below original ground surface, but provision must bo made for carrying 
off any water which may pass under the wall, so as effectually to prevent 
aoakage into the base of the rear part of the bund, and the instability 
which saturation would be liable to produce. For the effective closing 
of breaches, puddle walls will generalh be necessary, even when the soil 
may be fairly good. 

The top width of a bund should not be less than 4 feet anywhere, 
and while that width will suffice for the ends of the bunds of compara- 
tively shallow tanks, the width at the deeper parts of these should be 6 
feet ; 9 to 12 feet will be proper top widths for the bunds of large tanks, 
and for very large reservoirs, one-fourth of the depth of water is the 
prescribed minimum for the deeper parts, and 8 feet that at the ends. 

The top of the bunds, of which the front slope is revetted, should 
always slope towards the rear edge, so that rainfall may flow off down 
the rear slope, and not on to the revetment with the risk of washing out 
the backing of the latter : 1 in 6 for earth, and 1 in 20 for gravel, will 
be suitable gradients for this top slope. 

It is desirable to gravel the tops of bunds, after they have been 
brought to their full height and section and have become fairly consoli- 
dated, whenever gravel is procurable at a moderate cost. 

The gradient of the interior or front slope of a bund will depend 
upon the description of protection against wash to be provided. Ee- 
vetted slopes range from J to 1 J to 1 ; for shingled slopes 2 or 2^ to 1 
are suitable ; for earth slopes to be planted with nanel grass, a steeper 
slope than 2 to 1 would, in the absence of a foreshore at not more than 
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6 feet below F.T.L., make the width of the belt of grass too small to be 
effective as a breakwater. Mere turfing ia useless below M.W.L, ; but 
tnrf TeTotmoat, i.e., sod walk built up at 1 to 1, may be an efficient 
substitute for atone or sbiDgle in situations where tbnse are not procur- 
able within a reasonable distance or cost. 

The gradient of the exterior or rear slope will vary in different 
looalitiea, according to the nature of the soil, urom 1} to 1, which is the 
steepest allowable, to 3 to 1, which is the flattest necessary. Ij- to 1 
and 2 to 1 are the usual gradients. When good soil is avulable for 
dressing the rear slope to a depth of about 6 inches, root grass shoold b« 
dibbled in ; otherwise a coating of gravel will be the most suitable pro- 
tection. Turfing with sods laid fiat on the slope is aeldom worth the 
cost, and should not be done unless there be oonservanoj establishment 
attached to the tank. 

BCGT/QM a/raoMFt.Ereo3i/No 



Fig. 95. Section or bond with paddle milt 

147. Fnddle Walls. — In Soathem India at any rate whatever 
may be the praotioe elsewhere, the best position for a puddle wall is at or 
about the centre of the embankment. It is of primary importanoe that 
the wall should not get cracked daring the considerable periods in each 
year that tanks are either dry or the water in them at a low level, and 
the greater the thickness of earth on either side of the wall, the greater 
the probability that it will be kept in water-tight condition. The posi- 
tions shown in Figs. 95, 96 and 97, are appropriate. The most suitable 
material for puddle walls is clay of tho description used fortile-mahing. 
It must be well tempered, and puddle should not be made too wet : 
if a little drier than that for table-made bricks it will do well. Any 
exeeee of moisture, beyond that needed to allow of the entire wall being. 
worked into a homogeneous mass, would increaeo the risks arising from 
settlements, disturbance from lateral pressure, etc. The top width of a 
puddle wall, whatever its height, should bo 2 feet. The top level should 
be 1 foot above M.W.L. as a rule ; but never higher than 2 feet below 
the level of the top of the bund. The wall should have batters (equal) 
on the two faces. If the puddle be very good, batters of 1 in 8 will 
■uffico to seenre adequate thickness throughout : otherwise they should 
be 1 in 6. The thickaess of the wall at base, i.e., at ground level, will be 
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2 + -^ in which A is the height from ground to top of wall, and 6 is the 
batter, e.g., height of 20 feet, batter ^8 to 1 ;'tlie thiokneaa of bsae 7 
feet. The figures fully explain the manner of construclioo. The 
speoial preoautions needed are the prevention of any of, the soil ueed in 
forming the bund from being thrown over the puddle ; if accidentally 
any soil be so thrown it must be completely washed off ; the prevention 
of the drying of the upper surface of the wall while under eonstmo- 
tion by covering it with 2 or 3 inobes of water when work ie suspended 
either at midday or in the evening — vide Fig. !t6, or the removal of all 
dried puddle before any more is added ; the battered faces of the wall 
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•honld be prevented from drying bv making up the earthwork ^a 
diown in Figs. 96 and 97, this work being well watered and lasuned. 

SECTIOVtf OF aUHIOl/i/FR0SR£^S 
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Fig. 07. Puddle wall. 
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The foundation of the vail m«t be oarried down to an adequate depth 
beloT gronnd surface, viz., to 1 foot at least into olay or impervioua 
soil ; to 4 feet into more or less pervious soils. The oroea-eectioii of 
the foundation trench will be as wide at top as the base of the puddle 
wall, and somewhat narrower at the bottom, being out with hatters or 
side slopes of 1 in 3 or I in 4. 

When puddle walls hare to he founded in gravelly soil, on shale, 
stratiBed or deoompoeed rock, all of which are more or less pervious to 
water, provision must be made for carrying off any water which may 
pass under the foandatioas of the puddle wall, by means of a longi- 
tudinal drain, placed close to the base of the wall in rear, and transverse 
drains therefrom at intervals, which will vary aocordingly to the extent 
of sub-soil leakage to be oarried off. Fig. 99 indicates the arrangement. 

In some oases an additional longitudinsl drain, half-way between 
that against the puddle wall and the toe of the rear slope, may be 
found necessary or desirable. All drains under the bund ^ould be 
filled with small atone about 4 inches in diameter, and irregular in 
shape. Toif soda should be laid over the stone at the top, and at the 
sides also so far ss these may be above ground-level. "Wnen the fall 
of the ground in rear of the bund is considerftble, i.e,, not less than 
1 in SO, the crose-draius sho^i'id be cut to their full intended depth into 
the ground ; when the fall is too slight for this, they may be, at their 
upper ends, partially or wholly above ground level. The longitudinal 
drains and the transverse drains must he at the same level where their 
directions cross or intersect. 

When puddle walls arc constructed, or inserted, at special parts of 
bunds, whether breaches, leaky places, or otherwise, care most be taken 
that the ends of the paddle wall are carried into sound non-porous soil, 
. and a good joint made. 

148. Faddle Faces. — As before stated a puddle face is rarely 
employed. Where it has beon used it consists generally of a covering on 
the whole inner face of a layer of puddle of 8 or 10 feet in thickness at 
the base and 2 or 3 feet in thickness near the top and on the whole is 
placed a layer of ordinary soil and gravel backiog in which the revetment 
IS laid. One of the most serious objections to puddle facing is its liability 
to slip if the water is drawn off from the reservoir so quickly as not 
to give it time to dry, for this is a slow process with so olose-grained 
a material as a puddle of clay. Fig. 98 shows a modem dam with 
pnddle facing. 



Fig. 98. Btrthen bnnd with puddle r«oe. 
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149. Soonr-holes.— Soonr to & oon&iderable depth below norm&l 
ground level is often the reBult of a breaob in the bund of a tank, and 
this Boour may extend beyond the line of the rear toe of the bund, i.e., 
of the line where the plane of the rear slope intersects ground level. 
Soonr-ho^es tnuat always be onnateied and all Boft mud removed 
before the fi lling in of a breach is oommenoed. Extended Boonx in front 
of the inner slope of a bund need not generally bo filled in, but anch 
SCOOT in rear of a bund should always be carefully filled up to ground 
level and thoroughly oooBohdated, unless a out can be made from the 
bottom of the hole so as to drain it completely, and thiB alternative ia 
seldom feasible. 

160. BoTetments and Sabstitates therefor. — The most eatis- 
faotory protection to the waterside of an embankment or dam would bo a 
masonry wall of a section similar to that used for quay walls, «scarp 
and oounterscarp walls, etc. The cost would, however, generally be too 
great, and the next best arrangement is a facing or revetment of 
uncemented stone, with a backing of small stone and gravel. This 
backing is of much importance, and should never be omitted when 
ooQstmoting revetments. The desoription of rovctment, or, in other 
words, the dispoeition oi the stone, should depend upon the character 
of the latter. Stone of regular shape, and of a length equal to the 
thickness of the revetment may be built in steps : that which ia more 
or lees irregular, but of good length, will answer well, if laid with the 
length at right angles to the slope. For pitching, the irregularity of 
the stone is not only unobjectionable, but it is desirable that the 
exposed surface should be as rotigh as possible. For shiogling any 
small stone will do. 

In the ease of the more regular revetments, a thickness at M.W.L 
of 1^ feet will Buffioe for ordinary tanks, and somewhat less at the top : 
the thickness at other parts will depend upon the form of section 
and the illustrative diagrams will show what is necessary in each case. 

With regard to pitching, which ia always laid on a flat slope with 
the length of tho stone either at right angles to the slope or pointed 
somewhat downwards, i.e., nearer to the- horizontal, a good arrangement 



Fig. 100. Fi«- y> 

different forniH of BeTCtmenta. 
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FSg. 102. Fig. 103. 

Different forms of Revetments. 

is to lay dotrn a course of the longest stones available at the fodt of 
the slope, then to pack a height (or width) of 3 feet measured oil the 
slope with stone of the minimum length admissible (probably 1 foot), 
then another course of long stones, and so on. Tne whole surface 
should be rough and the front edge of the long stones should projeot 
tS or 4 inches beyond the rest of the work. Every care should be tasen 
to bed each stone securely in the backiiig and to pack the stone as 
tightly as possible. 
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Fig. 104. Slope of bund shingled. 

For shingling slopes the stone has to be merely laid down on the 
slope, commencing from the bottom, and spread evenly, with the depth 
or thickness prescribed, which depth will depend on the character of the 
waves, the action of which is to be resisted. 

In some parts of the country suitable stone is either not to be found 
at all, or the distance from which it has to be carted is so considerable 
as to render the cost of stone revetments prohibitive. On the other hand, 
the water slopes of bunds will not stand without protection, and the 
extensive foreshores, which have been formed at all old unrevetted 
tanks by the continual washing down of the material put into the bunds, 
are evidence that it would be hopeless to expect them to stand, 
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The beet aubstituies are — 

(1) Nanel facing, or, as it is oalled in Tan j ore, durbah revetment 
with also a plantation of nanel grass 12 or 15 feet wide, or as much 
wider as oircurastances will allow. This is a very efficient protection 
when the soil is suited to nanel, and the latter is procurable. Nanel 
will not grow in sour soil, and it must not be submerged for long, but 
if the upper ends of the leaves be always above water it will thrive. It 
should therefore be generally confined to parts of the slope and 
foreshore which are not more than 6 feet below F.T.L. This 
revetment is made with rolls of grass about the size of small fascines^ 
•ay, 5 or 6 inches in diameter, and to prepare these, young aud supple 
grass is laid on the ground, covering an area of 6 or 7 feet by 9 or 
10 feet, the latter being the intended length of the fasoine, and the 
former the length of the grass ; some more grass is laid transversely 
upon the first layer, the surface is sprinkled with earth, and the whole 
is rolled up in the direction of the grass of the underlayer, and tied 
so as to form a roll about *> inches in diameter with 3 or 4 feet of the 
grass projecting. These rolls are then used s^ a revetment at a slope 
of 1 to 1, or from that to 1^ to 1, the free ends of the grass being laid 
in the earthwork, which should be carried up oonourrently with the 
revetment {vide Fig. 105) ; if kept well watered until established, the 
grass will grew strongly and will withstand a strong current or wtMh. 
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Fig. 106. Nanel or Dorbah Seretioent, 



(2) A plantation of nanel grasa 15 or 30 feet wide, without a 
nanel revetment. 

(3) Plantations of tank or kashas grass, which, though very 
inferior to nanel, will grow where the latter would have no chance. 

(4) Various kinds of long local grasses. 

(6) Three or four lines, parallel to the bund, of tieer'^nochy trees, 
to act as a partial breakwater. 

(6) Turf sod revetments : these, if well built, with sods out on 
good tenacious soil, will stand a moderate wash, but this arrangement 
is inferior to those numbered 1, 2 and 3, though probably better than 4 
and 5. 
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151. Snrplns WeirSi or Means of Bisiiosing of Flood 

Water. — The water to be got rid of may be the drainage of the catch- 
ment basin only, or this augmented by water brought in by a supply 
channel. Whatiever the sources whence the water may come, it is 
necessary to calculate, or ascertain, as accurately as possible, what the 
maximum quantity will be, and then to provide ample means of 
getting rid of it. 

In those districts in which the improyement of tanks has made good 
progress, the data already obtained for dealing with other tanks are 
quite sufficient, if rightly used, to enable a reasonably close approximation 
to the requirements as regards surplus to be made : otherwise the 
methods indicated in chapter II will have to be employed for this purpose. 

Having settled what is the quantity of water to be got rid of, and 
the difference between F.T.L. and M.W.L. having been fixed, the 
lemgth of surplus weir required is readily ascertainable either from 
tables, or by calculation witn the formula for weirs. 

This formula ii 



= H X 8 f^h^ 

which, with c ='6075— a value applicable to very many tank weirs- 
becomes Q = 3'352/v/A'. In this formula Q is the discharge in cubic 
feet a second ; c a co-efficient the value of which varies with the form 
of the weir, but seldom if ever exceeds '65 at weirs of the class under 
consideration ; h the difference between F.T.L. and M.W.L., or the depth 
in feet of water to be allowed to pass over the weir, as a maximum ; g 
a constant representing the force of gravity. 

Ordinarily there is no appreciable velocity of approach to a tank 
weir, but should the water reach the latter by a channel, or cat, it may 
be necessary to take velocity of approach inte account. 

Table 1 gives, with various values of e^ the discharge, for 1 foot in 
lencth of crest, with all values of A up to 6 feet. 

The work to be done at existing tanks is usually the conversion 
of the old calingulah into weirs having their crests at F.T.L. , and 
with a clear waterway from end to end above that level. The rale is 
that all tanks should have surplus works capable of disposing of all 
flood water without the attention of villagers or conservancy establish- 
ment, and this rule should be followed whenever praoticaole. There 
are cases in which — either from there being insufficient room at those 
positions at which alone the discharge of surplus can be arranged for 
without injury to the cultivation, or from the very rapid rise of the 
ground at the ends of the tank, or for other weighty reasons — it is 
necessary to discharge surplus at a level lower than that of the full tank, 
and works that provide for doing this cannot well be made self-acting : 
consequently whether such works bo of the type of the old native 
calingulah, or sluices, the safety of the tank would then depend in a 
great measure upon the care and judgment of those whose duty it 
might be to regulate their moveable parts. 

152. Designs of Weirs.— The simpler forms of weirs are appli- 
cable to positions in which (1) ground-level and F.T.L coincide, or 
differ by only I or 2 feet ; (2) the depth of water, or the difference 
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between F.T.L. and M.W.L. is moderate; (3) the soil ia hard; aDd 
(4) the fall of the surplnB channel is small. 

Id oonBidering (undei' the Tank Bestoration Scheme) how the safety 
of the great numbeis of email tanke could be ensm^, and taking into 
aooount the small amount of revenue derived from them, whioh 
rendered desirable the utmost eoonomy, it was arranged to provide for 
the disoharge of surplus by either (1) levelling (to F.T.L.) a sufficient 
length of ground at one or both ends of the bund, and leaving this 
waterway without any protection if the soil were fairly hard ; (2) where 
stone was plentiful and cheap, laying down a mere pavement, or strip, of 
stone about G feet wide, the upper surface of the stone being flush with 
F.l'.L. ; or (3) where stone was not cheap, and the ground too soft to 
stand the flow of water, levelling the ground for twice the length 
ordinarily reqnired, and planting a bolt of tank grass, which would both 
protect the ground, and reduce to about one-half the velocity of the 
water. These expedients were suitable to the class of tanks to which 
■ they were to be applied, but most of these tanks have ceased to bo in 
charge of the Paolic Works Department, and for tanks classed as 
Imperial, surplus works of more permanent and reliable character are 
required. While, therefore, any one of the above arrangements may 
he adopted temporarily, pending the sanction and oonstruction of per- 
manent works, the latter should be provided as speedily as the means 
available will allow. 

Of the simpler forms of permanent weirs, examples will be found in 
Pigs. 106 to 111. 



Kig. IWi. Wfir with vertical droii. 




Eig. 107. CiroM'Beotioii of w«ir with vri ticel drop. 



When the smplofi vater h&s to be dropped aeTerol feet, the design of 
a weir ia Qeoesaanly less simple, and its ooet much greater. The fonn to 
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Hf . 108. Weir with Vortic*! Drop. 
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Fig. 109. Tank Surploi Weii. 



be adopted will depend in a great measure upon the dewription of build- 
ing material arailable. One cardinal point ahonld be borne in mind, 
viz., that economy will be best aeoored by droppii^ the water down to tbe 
required level as rapidly aa posaible, or, in other words, within as duob 
a diatanoe of the orest wall ae praotioable. For weirs of this Atm, 
examples are girep in Figs. 106, 107, 108 & 109. 
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For weirs -with vater-oushions (Fig. 1 10) the depth of the latter 
may be determiued from the formula H = ct/ii^d,m which D represents 
the depth of ihe cusbion below the top ol the rotainiDg wall; c ia a 
co-efijoient, the value of which is dependent npon the deBCription of 
material used for the floor of the cushion, and varies between 0'75 and 



PLAN AT FOUNDATIONS. 



WIDTH OF FLOOR MIOHTBEBEDUCeO 
3i FEET AS SHOWN BYOHAIft LINE,. 
SECTION. 
SECTION ON A.A. 




Fig. 110. SarplM Weir witH Water Cuihion. 



l'3o, the former for compact stone, and the latter for moderately hard 
briok; h is the beiffht of the drop, and d ia the maximum depth of 
water to pass orer tne weir oreat. The width of the floor of the coabioa 
will depend somewhat on the section of the bund ; it need not exceed 
6 /t/d, and should not be less than 6 ^/d. 



16? 

For veirs with a vertical drop, and a horizontal apron od the same 
level as the rotaining wall (Figs. 106 & 108), this masonry apron should 
be formed of fairly regular blocks ot atone, or, in its absence, of Port- 
land cement cnncrete, the width being from six to eight times ^/d, and 
the thickness or depth of the stone one-fifth to one-fourth of h + d. 
The stonework should be laid or bedded on concrete (ordinary), the 
thickness of which will vary «ith the compactness or otherwise of the 
soil, bnt should not be less than 1 foot. The depth of the foundations of 
the retaining wall, and of the returns of the rear wings, should bo 
considerable, and a rough stone outer apron of ample width and thickness 
should be provided to protect these foundations. 

Weirs with curved sloping aprons have not proved a suoocss as 
already explained in paragraph 57. 



Fig. 111. Weir with ODired kproa. 
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The design of tank surpluB weirs and escapes of all kinds other than 
the mere levelling of a certain extent of ground to allow sorplns water 
to pass over, must bo prepared with reference to the site the work is 
to oocapj, and to the discharge which the work has to provide for. 
The circumstances of the site must, therefore, be fully ascertained and 
clearly shown. They are — 

(1) *Yhe cross-section of the bund to which each wing is to be 
attached. Frequently, in the case of long weirs, the section of the bund 
at one end differs materially from that at the other. Should this be the 
case, two sections of the actual bund, if no alteration be needed, or of 
the intended bund, if it is to be improved, are necessary. 

(2) The nature of the surface soil and sub-soil. 

(3) The level of the ground on the tank side of the weir. If 
this is below the weir crest-level for a distance of 1^ times the length 
of the weir measured at right angles to the end nearest the termination 
of the bund, no further information need be given beyond the assurance 
that the approach to the weir is unobstruoted. 

(4) The level of the ground aloag the line to be occupied by the 
crest wall, with cross-sections at intervals of not more tiian 50 feet, if 
the variation of the ground be of any importance. 

(5) The levels along the line of the surplus channel, or line of 
outfall, below the weir. Information on this point is absohitely neces- 
sary, first, to show that the design is suitable and that there is no 
serious risk of the work b^ng un d e rm i n ed by retrogresBSon of levels, 
and in this connection the nature of the soil and sub-soil are often of 
great importance ; second, to indicate what the conditioHft of discharge 
are, and whether a high or low co-eScieBt should be made use of. 
Items 1 and 4 can be shown on the croas aiM( ki&gttadinal sections. 
Item 2 is to be noted on the plan. Item 3 k t& be etofesd in a note or 
shown by one or more sections. Item 5 by a longitudinal section with 
such cross-sections as may be found necessary. 

(6) It is further requisite, in the case of new oev additional 
surplus works which are not to be placed on the line of customary 
outfall of surplus, that the direction in which the surplus will go and 
its possible effect on cultivated lands over or through which it may 
pass should be inquired into and the facts noted in the report on the 
work. 

The dimensions and arrangements of the work have to be considered 
and shown with reference to the discharge to be provided for and the 
circumstances of the site. The following particulars should, therefore, 
be noted on the plan : — 

(1) Maximum flood discharge cubic feet a second. 

(2) RT.L. and M.W.L. 

The latter will be indicated by lines on the cross-section of the weir, 
and the levels of these lines should be marked thereon. 

The arrangements of the design should be shown by — 

(1) A part-plan of the work with all the horizontal dimensions 
marked thereon. If the wings differ owing, as is often the ease, to 
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▼arying groiind levels, to the presenoe of rook, or otherwise, both ends 
of the work will need to be snown in plan. The earthwork slopes in 
oonneotion with one or both wings, as the case maj be, should be 
aoonratelj plotted. 

(2) A oross-section of the weir with elevation of one wing. 

(8) Such oross-seotions of the wing walls as maj be necessary to 
make the intended arrangements perfectly dear. 

(4) Tank surplus weirs are not often founded on wells, but when 
wells are required, a plan of the wells under one wing and a part of 
the weir proper is always necessary, together with the outlines of the 
bases of all walls to be plaoed on the weils. 

, ^^ (5) Site plans should always be prepared and on them should be 
shown the details of subsidiary works. They may conveniently bo 
combined with the information regarding circumstances of site, items 3, 
5 and possibly 6. 



153. Slnioes for tiie Distribution of Water.— Every tank 

should have a sufficient number of sluioes to supply both adequately 
and oonveniently all the land to be irrigated. Each sluice should be 
able to supply nie maximum quantity of water required for the lands 
under it ; and the level of its sill should be such as to admit of the 
irrigation being carried on until the crop or crops are fully matured. 

The design of a tank sluice must be suited to the actual or intended 
cross-section of the bund, the slopes of which must be completely 
retained in position by the masonry. The first thing necessary, there- 
fore, to a proper design is a cross-section of the bund, and this section 
should show the interior slope of the bund or the ground inside the 
tank as far as the level of the sluice sill, or to 15 feet beyond the ends 
of the front win^s, if there be a long leadiuff channel. A cro8s*section 
of this channel^ if there be one, taken just beyond the line of the end 
of the front wings, and carried to, say, ^0 feet on either side of the 
centre line, is also neoessary. This section may be shown on the front 
elevation of the sluice, and similarly the cross-section of the bund may 
be plotted on the longitudinal section of the sluice. 

The design of the sluice and the arrangements for water regulation 
must be suited to the discharge required. On the design, therefore, 
should be recorded the following particulars : — 

(1) Area to be irrigated acres. 

(2) Discharge required— —cubic feet per second. 

(3) Water-level at which full discharge required will be 
secured: — 



f: 



a) Through plug holes or other high level orifices. 

b) Through lower vent feet above sill. 



(4) Areas of orifices (in square feet and decimals of a foot). 
The following are the particulars or details of the design 
required : — 

(1) Plan, which may be either a full plan at floor level and a 
full top-plan, or half of each. When the foundations are on wells, at 
least a half plan of the wells with the outline of the base of the masonry 
foundations to be placed on the wells, will be necessary. 
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¥\g. 112. Tank Sluice vith Arched Tnniiel. 
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(2) Longitudinal aeotion. On this F.T.L. and M.W.L. should 
be shown by lines, and the height of these lines above sill should be 
indicated by their levels thus : — 

M.W.L., 43-96. 
F.T.L., 41-95. 
Sluice sill; 30-2!. 

(3) Front elevation. 

(4) Gross-section of front wings at junction with head-wall ; or 
at the junction of splayed wings with parallel wings. 

(5) Cro88«section of front wing returns. 

(6) Bear elevation. 

(7) Gross-section of rear wing with junction of tail-wall. 

(8) Groes-section of rear wing return. 

(9) Details of regulating arrangements. 

1 , 4 and 9 are essential. 

5 to 8 are left optional unless circumstances render their exhibition 
necessary. 

Designs of tank sluices are shown in Figures 112, 113, 114, and 115. 

154. B6|:ulation ot Vent by Shutter.— The regulation of the 

discharge of imgation water at a sluice is best effected by means of a 
shatter. The following precautions are necessary : — (1) The area of 
the cross section of waterway of the sluice tunnel, or culvert, must be 
much greater than that of the sluice vent, so as to limit the mazimam 
velocity in the culvert to 15 feet a second, supposing the tank to be full 
and the sluice vent fully opened, e.g,y if the vent be 2^ feet by 2 feet, 

and the depth on sill 20 feet, V = 56 ^/1l9 = 24-416, Q = li^2-08 cubic 

12208 
feet, — TF— = 8*14 ; and, as the depth of water in the culvert should not 

exceed 2 feet, its width should be about 4^ feet, and the height of the 
side walls to springing of arch, or to covering stones, 3 feet ; (2) the 
floor and the sides of the culvert should bo lined with cutstone if the 
limiting velocity be 15 feet a second : if cutstone be expensive, and it 
be desired to substitute flooring tiles or Portland cement concrete for 
the floor, and brickwork for the side walls, the limiting velocity should 
not exceed 10 feet a second, and the proper width of the culvert, in 
the example above given, would be then a little over 6 feet ; (3) the 
gear for working the shutter should be a screw having a pitch of -J^rd 
or ith its diameter, and care must be taken, by providing cross hm 
with collars at moderate intervals, to prevent the oending of the spear 
when forcing down the shutter* 

An example of a sluice of this kind is given in Fig. 112. 

155. Regulation by Flogs.— Plugs, though by no means so 

satisfactory as a shutter, were formerly much in vogue, and as many 
tanks are still fitted with them, the tables of discharge which follow 
may be found useful. To secure convenient and fairly accurate regu- 
lation, it is necessary that (1) the holes should be of a suitable size 
and suflBcient in number ; (2) proper plugs . should be provided, and a 
well -out seat made for the shoulder of the plug ; (3) the plugs should 
be regulated from a platform always accessible ; (4) it should be known 
what the discharge is at any given time, and with the tank water at 

21 
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t^'Ig. 113. Tank Bluioo. Earthenware ^ipt. 
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any given level : and that the way to secure any required discharge 
should be readily ascertainable. 

Affain, although 2 cubic yards per acre per hour, or 1 cubic foot a 
second for 66 acres, is usually adequate as an average supply, this quan- 
tity, when much of the land is being prepared for cultivation, will be by 
no means enough. It is desirable, therefore, that the plug holes should 
be capable of discharging much more water at times, and this can be 
provided for by allowing one or two large, or several smaller plug holes, 
80 as to admit of the discharge being varied according to circam- 
stanoes. 

156. Closine of Breaches in Tank Bunds.— The manner of 

carrying out earthworks generally to bunds of tanks has been indicated 
in article 146, while puddle walls are treated of in article 147, and scour 
holes in article 149. There are, however, several importieint points 
which need particular care and attention when dealing with the repairs 
of breaches. These are : — 

(1) All water should be cleared out of the bottom of the breach, 
and all soft mud removed, otherwiBC there cannot be a good foundation, 
which is the first essential. 

(2) All loose soil should be removed from the ends of the bund 
on either side of the breach. 

(3) The new work most be properly bonded into, or united 
with, the old bund, and to this end a cut must be made at, or from 
2 to 3 feet in rear of, the centre line of the top of the bund into the latter, 
on either side of the breach, from top to bottom, the distance to which 
these cuts should be carried horizontally, and their width, depending on 
the depth of water to be retained. About half the depth of water, with 
5 feet as a minimum, will sufiice for the horizontal distance, and 
onerfourth the depth, with a minimum of 4 feet, for the width. These 
cuts will have vertical, or nearly vertical, faces, and must therefore be 
shored up with planks and struts, so arranged as to allow of the 
removal of the planks, course by course, before the filling in of each 
successive foot oi the new work. 

(4) Except in the case of shallow tanks, having good water- 
tight soil available, it will be necessary to insert a puddle wall with 
foundations carried well below the bottom of the scour at the breach. 
The position and dimensions of this wall should be fixed as indicated in 
article 19, and drains should be provided, if necessary, as therein 
described. 

(5) The filling in should be carried up regularly over the whole 
area of the breach. The soil should be thrown down evenly over all 
this area, commencing on the outer lines, or at the front and rear toes of 
the slopes (after the scour-hole has been filled in) and working towards 
the centre, or towards the puddle wall, if there be one, taking special 
care that the filling in of the cuts at either end keeps pace exactly with 
the rest of the work. Every layer of 5 or 6 inches of soil should be 
thoroughly consolidated with rammers. 

(6) When all the soil is not good, selected soil should be used 
for the front half of the bund, or the part between the puddle wall and 
the front slope, while sandy or gravelly soil will do weU for the part in 
rear of the puddle wall, or of the centre line of the bund. 
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Fig. 114. Tank Blnloe. Ston* tiabt. 
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Tig. 116. Tuik Sloice. Arcbed TdkmI iriUi Ping. 
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(7) The work ahonld be properly laid out, and seotionB put ap 
as guides to the workpeople, and, during the progress of the filling in, 
the earthwork at the laoes should always be from 6 to 12 inches higher 
than at the middle line. 

(8) The slopes of the new earthwork should be made suffioiently 
flat; it costs far less to make a stable bund in the first instance than to 
stop and repair slips, which are inevitable if the slopes be made too steep. 
Three to one for the rear, and two to one for the inner or front face, if 
the latter be unrevetted, are usually as steep as can be: relied on to 
stand ; and, if the soil be bad, somewnat flatter slopes luay be advisable. 

(9) The reconstruction of revetments oan^ with proper consoli- 
dation of the earthwork, be carried on simultaneously with the filling in 
of the breach ; the slope to be given should correspond with that of the 
old bimd on either side, if this be fairly suitable. With regard to 
backing and other details, instructions will be foand in article 150. 

(10) The tops of bunds at newly filled-in breaches should be 
made up to about one-sixteenth of their height, from the bottom of the 
scoar, above the old part of the bund, to allow for settlement, and 
should be gravelled bo that rain water maj not soak into them and 
cause unequal settlement or slips, and, where unrevetted, the slopes 
should be turfed. 
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Srample 2. — A tank h** & wntenpread, &t » certain time, af B3-4fi millioiu af 
■qotre feet, and a rainfall of 4-3S inohsB then ocodti. Beqaired tlie qnantit; of water 
noeired bj the tank from the rainfall uver that area of nat«rapread. 

The namber of cnliic feet eqalTklent to 4-SG inohee of rainfall on one million sqaaTQ 
lertii- 

From bbe table, mlnma 3 S83,893 



362,:i00 
and 9S-46 x -S62S <= 33'BT6 milliooB of onbio feet. 

Xxampld 8. — At X Tank, during the period 17th Jaly to llth December tA th* 
Irri^ttion eeaaon, the loM bj eTaporation wM aa ahawB in the toUowinif tabular 







A««<,.wa.e™pr«d. 


— ■ 1 




'T^""" 




Me«n 








S^. 


miiliom'ol 


per million 


S;k' 








»q 








Ta-MB 




















SlntAnrut 

^^V^^^^ 




«1JW 












































































tSthDocember 












m-iBS 



m 



CHAPTER XI. 

MASONRY DAMS. 

157. Masonry Dams.— Having settled upon a site that meets in 
every respect the reqairements demanded — which embrace the utiliza- 
tion of every source of supply, and the adaptation of such sources to the 
required object — ^the next point to be studied is the one of locating the 
dam and herein are involved a few matters that call for special consider- 
ation. It is of course understood that an impounding reservoir cannot 
be constructed unless there be an impervious bed under it at a reasonable 
depth. It is often found that where two streams meet, a contraction of 
the valley occurs a little lower down, and the best site for the erection 
of a dam is where a valley widens out into a flat area bounded by steep 
sides, there generally being a contraction of the valley in close proximity . 

The quality, condition, and class of rock ; inclination, permeability 
and direction of strata ; whether in closing the valley the strata will pass 
obliquely under the dam at right angles or parallel with it are all matters 
requiring consideration. Observation will also have to be made as to 
whether any portion of the district has ever been subjected to the 
disturbing influence of volcanic eruption or earthquake shocks. The 
solidity of the rock upon which the dam is to be founded is also of great 
importance, whilst faults or small fissures filled with clay will inevitably 
lead to an immense amount of excavation. It is usual, therefore, to 
test the ground by boring, or, preferably, by sinking shafts along the 
line where the proposed dam is to be built. In this way the condition of 
the rocky the depth of the loose sub-soil, and the discovery of any springs 
of watery which cause great trouble and danger in the foundations, will 
be at once ascertained. Too little attention is often paid to these details, 
with the result that as much masonry has to be placed below the surface 
of the ground as there is in the superetrueture, with a corresponding 
enormous increase upon the original estimate of the work. 

The fall of the water-course in which the dam is to be epreoted has 
a direct relationship to its height, a rapid course requiring a greater 
height of dam to give a large impounding space. 

Having located the ultimate position of the dam, we can next 
proceed, by the aid of carefully surveyed contour lines, which have been 
previously set out on the ground at every 3 or 4 feet height, to cal- 
culate at various heights the capacity obtained, the required capacity 
indicating the necessary height of the dam. 

At a point near where the various water-courses upon which we 
depend for supply touch the water when the reservoir is full, wells 
should be built of dry stone or otherwise for the purpose of retaining 
the silt which will be brought down by heavy rainfalls. In this 
way a great quantity of detritus will be checked from being swept 
into and depositing on the bottom of the reservoir, and so reducing its 
capacity. Each silt deposit can be conveniently cleaned out, during 
dry weather, at small expense. As the bulk of the silt will be brought 
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down during heavy storms, allowance may be made for passing ofi the 
water by a by-wash when the reservoir is full ; this also relieves any 
undue strain upon the wall from a sudden rise of the surface of the 
water, and further insures that the overflow provided is under all 
circumstances ample. 

168. Stability of Masonry Dams.— For a masoniy dam to be 

perfectly stable the following conditions must be complied with : — 

1. No part of the masonry must be in tension. 

2. No part of the structure must be under more than a certain 
pressure from the super-incumbent weight. 

3. It must by friction alone resist any tendency to slide on its 
base. 

4. It must by its own weight alone be able to resist all tendency 
to overturn by water pressure or the pressure of uneven winds, etc. 

5. There must be such a width given to the top as to counter- 
act the effects of expansion cmd contraction. 

If the line of pressure falls outside the centre third of the profile, 
the stracture is exposed to tension. The line of pressure — sometimes 
called the line of resistance — should therefore fall within the centre 
third, for if the requirement as to tension be fulfilled we have conditions 
2 to 4 complied with. The line of pressure is a Une intersecting each 
joint of a structure at the point of application of the resultant of all 
the forces acting on that joint. 

To compute the best section that fulfils the above require- 
ments without any important excess of material beyond what is neces- 
sary, is a very complicated problem, but with care it can be greatly 
simplified, l^he system that has been generally adopted is to make a 
number of trial profiles and to adopt the one that gives the required 
lines. Mr. W. B. Coventry remarks in his memoir on the ** Design and 
Stability of Masonry Dams ": Owing to the indeterminate nature of the 
problem, it seems impossible to construct a general formula for calculating 
the dimensions of a dam, and the method usually followed consists in 
assuming an approximate profile, and then testing its stability by a 
graphic resolution of forces. If found defective, the profile is altered, 
and the graphic process repeated until a sufficiently exact result is 
obtained ! 

A oorreot profile may undoubtedly be found by making a number of 
trials ; but it is extremely laborious, and may involve a long period 
of unsatisfactory work, yet an approximate profile may be obtained 
by the application of a very simple formula giving polygonal outlines of 
inelegant form, but sufficiently accurate to bear upon it the ultimate 
design. 

The ultimate profile should adhere to the theoretical profile, but 
there are a few factors which the formula does not take into account — 
these, when allowed for, can be incorporated in the design of outline. 

The top width of a dam is a matter of judgment, and it is this 
widths which cannot be calculated theoretically, that will assist the 
designer, to produce a graceful form. 

The great heat of tropical and semi-tropical climes during the day 
has a very decided expanding influence upon the masonry, and the case 
may be cited of a masonry dbeim that is cracked in two places from the 
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top downwards for a depth of 8 to 12 feet, and passes a stream of water 
dnring the winter, while in the summer months it is perfectly water- 
tight ; the top width, however, is only 6 feet 6 inches, mstead of being 
8 feet 3 inches, io which case these cracks would aot have taken plaoe. 

High masonry dams being usually required to close deep gorges and 
valleys have consequently less length of top to depth than low 
masonry dams, which may impound the same quantity of water, but, 
being in flat and low-lying country, will be of excessive length to depth ; 

by taking v'H + 2 feet (where H equals height) for width of top, a 
wide top in proportion to height is obtained for low dams and a 
gradually decreasmg width to height in high dams. 

It is necessary, then, that a theoretical profile should embrace and 
allow for the above in all cases, which the following very simple formula 
does; and that the width at quarter height from the top shall be 
dependent upon beauty of outline rather than strict mathematical rule. 
By a slight modification of Sir (juildford Molesworth's formula Mr. 
Courtney obtains one which is applicable to both high and low dams ; 
whilst the method employed in obtaining the oiTsp.t to the inner face is 
very simple, and results in a very close approximation to Bankine's 
theoretical profile, as well as the practical or ultimate profile obtained 
for the inner face of the Quaker Bridge Dam, built for the supply of 
water for New York, which has a maximum height of upwards of 250 
feet, Fig. 116. 




// w fff^r> *>mfn?f f f f f 



Fi|r. 116. Quaker Bridg:e Dam. 
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169. Fraotical Formtda.-— The following formula (Courtney's) 
may therefore be adopted in aaoertaining any theoretioal profile and 
will meet rigidly the requirements of stability which oan be afterwards 
asoertained oy the graphic system and by oaloulation as a oheok if 
desired : — _ 

Where (Fig. 119) ft = ^H + 2 



a = ^ X 0-72 

4 



y 



V( 



005 X a^ 



A + ( 003 



f—\ = 0. 

X«)/ 



6i; as a minimum. 



a = Z. for 100 feet depth or 
26 ^ 



= / ^zJL \ approximately for all depths. 



In which the notation is : — 

H = height of dam in feet. 
X = depth in feet of an imaginary horizontal plane 

fro^ the surface of the water, 
b = width of the top of the dam. 
a z= Fa,t a depth of J IT. 

A vertical line being dropped from the top of the upstream face 
of the dam then :•— 

y = the ordinate, in feet, from that vertical line to the 
outer or downstream face of the dam at any 
depth w. 
2 = the ordinate, in feet, from that vertical line to 

the inner or upstream face. 
X = limit of pressure, in tons, per square foot. 
/ = H~JH. 

NWfTCR LCVEL j<-"&"-^ 
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FifiT* 117* Theoretical Profile of Dam. 
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160. Theoretical Profile.— Having drawn out our thecMretical 
profile by dividing it into four seotions, we can proceed to design upon 
this outline the ultimate form which the wall shall assume, being guided 

07 the width at ?, this width being, by the method adopted, dependent 

upon an outline that combines rigidity and elegance of form. This is 
obtained by applying a curve tibiat will start tan^entiallv with any 
point at the outer face at about half the total height of the dam, 
passing through the point ffiven for the quarter height and meeting 
the top edg<^ ; from tne half height to the base another curve will be 
drawn in that,* closer, with the calculated width at the half height, 
three-quarter height, and the base. These two curves, encroach some- 
what upon the trapezium, given by the formula on each section ; but 
if the total height be divided into more than four planes the curved 
lines will approximate more closely to the polygonal lines of the outer 
face. We have, after completing this operation, an ultimate or practical 
profile, upon which may be based the diagram of forces, in order to 
ascertainthe lines of resistance with the reservoir full and empty. The 
density of the material of the dam must be taken into consideration in 
fixing the limiting pressure ; though the latter is, of coTirse, directly 
governed by the capaoility of the materials used to resist crushing, 

161. Limiting or Maximum Pressure on the Masonry at 
the base or any point of a Dam.-^The proportions of stone to 

mortar in a well-built dam will be two-thirds stone to one-third mortar ; 
the stone employed should not have a less specific gravity than 2*5 ; the 
cubic metre will therefore weigh 2,500 kilogrammes. A mortar com- 
posed of one cement to three of sand, — sand being washed after passing 
through a one-eighth inch square hole sieve, and the weight of the 
cement being equal to 90 pounds per striked cubic foot — will have a 
specific gravity of 2*02 when fresh, but the immediate evaporation, 
and the drying which takes place afterwards, result in giving 1*99. 

The density of the masonry can therefore be ascertained as 
follows : — 





Kilos per 


Lb. per 




cub. metre. 


oub. ft. 


f of stone at 2,500 kilogrammes per 






oub. metre . . 


1,666 


10404 


i of mortar at 1,900 kilogrammes 






per cub. metre 


663 


4104 


Total weight . • 


2,329 


14A-44 



llie density can, therefore, be taken at 145 lb. per cubic foot, whidi 
will ensure a perfectly sound monolith. With especially sound and 
heavy stone, and increasing the proportion of cement, the density will 
rise to 160 lb. per cubic foot, or even 155 lb. For high masonry dams 
of over 100 feet no material should be used which will result in a less 
density than 145 lb. per cubic foot ; for dams of 50 feet or less a poorer 
class of stone may be employed, and the masonry might have a density 
of not more than 130 lb. per cubic foot and be perfectly safe. The 
higher the density adopted the safer the work will be as it necessitates 
good material, 

28 
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The next point that requires coQslderation is the limit of pressure on 
the masonry at the base of the wall. It must be noticed that in build- 
ings of this kind the mortar plays a considerable part, and on its 
resistance the work depends. The crushing force on an eminently 
hydraulic mortar composed of one of cement to three of sand, when 
placed under the condition in which it is found in masonry, will not be 
less than 130 tons per square foot after ageing. Taking one-tenth of the 
crushing force as the limit of pressure we have 13 tons per square foot. 
By adhering to the rule that the lines of resistance shall fall within the 
middle third, with the density of the material taken as ^50 lb. per cubic 
foot, the pressure on the outer base of the wall will not be more than 
6'35 tons per square foot at lOo feet depth, S-ll tons at 150 feet, and 
10*47 tons at 200 feet. There is no chance, therefore, of the combined 
masonry and water pressures exceeding this limit, while for dams of 
200 ieet depth a stronger mortar would probably be used than one to 
three and thereby resist a greater crushing force. 

162. Examples of Limiting Pressure.— General MuUins 

quotes the following examples of maximum pressure in dams: '^ For the 
l^urens dam this pressure was taken as 6 kilogrammes per square 
centimetre or 5*488 tons per square foot, and the maximum, as executed, 
is estimated at 6*30 kilogrammes or 5722 tons. For the dam of Ban, 
a later work, the preesure limit is 7*30 kilogrammes or 6'672 tons. 
Por the Periy&r dam this maximum pressure has been taken as 
18,000 lb. or 8*035 tons per square foot. At the Almanza dam in 
Spain, the height of which is 1 34*48 feet, the maximum pressure is as 
much as 12*805 tons to the square foot, but this dam is, in profile, 
very different from the designs of modern works of this description. 

As already stated the safe limit depends generally on the power of 
resistance of the cementing material to crushirg. In Southern India 
lime of an excellent quality is fairly abundant, some of which is 
naturally hydraulic, while the richer or fat limes can be made so by 
suitable admixture of baked clay. Experiments to determine the 
resistance of the mortar to crushing must be undertaken. 

Having determined the density and ascertained the limit of pressure 
to be appUed at the base and drawn out the profile according to the 
formula the next step is to calculate the areas, weight, and centres 
of gravity of the* four sections into which the profile is divided, and 
ascertain the direction and intensity of the resultant on each plane 
respectively. 

163. General Form of Dam. — ^It has been eonsidered with 

reference to the form of a dam on plan, that it is desirable, when the 
circumstances of the site afford facilities for its construction on a 
curved axis, convex on the front or water face, to adopt this arrange- 
ment, as by so doing the sides of the valley not only support the 
weight of the superimposed material, but also act as abutments and 
absorb a portion of the horizontal thrust due to the pressure of the 
water and that in a very narrow valley, or where the width of the bed 
of the river is considerably less than the height of the dam, this 
horizontal thrust may, by suitable arrangements, be transferred alto- 
gether to the sides, and the safe width for the base be thereby reduced 
materially with a corresponding economy of construction. 
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A dam of the pure arched type relies solely on the arched form tot 
Btabilitj, in which case the pressure of the water is transmitted laterally to 
the abutments. If our knowledge of the laws governing masonry arches 
were more complete, the arched or curved dam would probably be the 
best type since it will contain the least amount of material. As it is, we 
know something of the laws governing such true masonry arches as 
those supporting bridges. In tnese the two extremities of the arch are 
raised at their springing on some firm abutment and the whole is keyed 
together at the centre ; but in a masonry dam of arched form not only 
is the arch supposed to transmit the pressure laterally to the abutments 
at the sides, but as the dam rests on the bottom of the valley it is 
sustained again at that point, so that it cannot act as a true arch. For 
this reason it is not considered safe to build a dam depending purely 
on the arched form, and such few dams as have been constructed on 
this principle have been given somewhat of the gravity cross section, 
increasing downwards in width, so that they presumably resist the 
pressure both by gravity and arch action. The three best existing 
types of such works are the Zola dam in France and the Bear Valley 
and Sweet-water dams in California. 

That a masonry dam constructed across a narrow valley can resist 
the water pressure by transmitting it to its abutments is proved by 
the dams above cited. The qupstiou then arises, can the profile be 
reduced from what would be required if the dam were straight P 
Krantz assert'S that a dam curved in plan and convex upstream with 
a radius of 65 feet or less will transfer the pressure to its abutments. 
Dams, however, of even greater radius than this do transfer the pressure 
to the abutments. The radius of the Zola dam is 158 feet and its 
length on top is 205 feet. The length of the Bear Valley dam, which 
depends wholly on its arched form for its stability, is 230 feet, the radius 
at the top being 335 feet and at the bottom 226 feet. The Sweet- water 
dam is 380 feet in length on top, its radius at the same point being 222 
feet. M. Delocro says that a curved dam will act as an arch if its 
thickness does not exceed one-third of the radius of its upstream or 
convex side. M. Pelletrew fixes the limiting value of the thickness 
at one-half of this radius. When a dam acts as an arch it only traiLsmits 
the water pressure to the sides of the valley ; its own weight must still 
be borne by the foundations. 

164. Design of Carved Dams.— Wegmann gives the following 
formula for calculating the thrust in curved dams of circular plan :— * 

t z=: pr 
in which t = the uniform thrust in the circular rings of any plane of 

the masonry ; 
p = the pressure permit of leut^th of this section of the ring \ 
r = the radius of the rings of the outer surface. 

Arch action can only take place by the clastic yield of the masonry ; 
but little is known of the elasticity of brick, stone, etc., and nothing of 
the elasticity of masonry ; hence it is impossible to determine the 
amount of the arch action. 

The chief disadvantage of the curved dam is the increased length 
over a straight plan, aoid the consequent increase in the amount and 
cost of the material to within certain limits of top length and radiu«« 
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Though the cross section of a curved dam may unquestionably, be 
somewhat reduced, it would be unsafe to reduce it as much as has been 
done in the case of the Bear Valley and Zola dams, though these have 
withstood securely the pressures brought against them. It might be 
reduced to the dimensions of the Sweet-water dam, thus saving largely 
in the amount of material employed. All the more conservative writers, 
as Wegmann, Bankine, and Krantz, recommend that the design of the 
profile be made sufficiently strong to enable the wall to resist water 
pressure simply by its weight, and to curve the plan as au additional 
safeguard whenever the nature of the site makes it advisable. An 
additional advantage of the curved form is that the pressure of the 
water on the back of t}i3 arch is perpendicular to the upstream face, 
and is decomposed into two components, one perpendicular to the span of 
the arch and the other parallel to it. The first is resisted by tho 
gravity and arch stability, and the second thrusts tho upstream face 
into compression, which has a tendency to close all vertical cracks and to 
oonsolidate the masonry transversely. 

166. Details of Constmction. — ^The founding of masonrv dams 
on sound rock, both at bottom and sides of a valley, is essential. No site 
without such facilities for securing absolute stability and impermeability 
is suitable for a great dam. 

AU decomposed rock, and all detached or doubtful blocks or 
masses must be removed, and a thorough sound seat secured for the dam 
from end to end. Cracks or seams are liable to occur in all great masses 
of rock, and wherever these are found, they should be stopped with 
cement, and not only those traceable at the actual seat of the dam, bat 
also any that may occur for a considerable distance on the upstream 
side of the toe of the inner face. Irregularities of surface and level at 
the seat are not only unobjectionable, but desirable and the nearer 
this surface approaches to that of random rubble when the stones are 
set with their angles sticking up, or to a series of rough pyramids, the 
better. It is desirable that there should be 4 or 5 longitudinal trenches 
or depressions from 10 to 15 feet wide, and 4 or 6 feet deep, 
traversing the rock on which the base of the dam is to be laid, to 
provide a good joint between the rook and the masonry. One of these 
trenches should be at, but within, the toe of each face. Such trenches 
will be longitudinally at more or less difierent levels every few feet, as 
determined by the surface level of the perfectly soimd rock ; and the 
bottom and side surfaces of the trenches should be left as rough as the 
blasting may make them. 

The materials to be made use of are limited to stone, lime, and sand, 
and the mode of their use to rubble-masonrv and concrete. These latter 
are about equally good, and the selection should depend upon the 
character of the rook available, of the stone therefrom obtainable from 
its reduction or quarrying, and upon the greater or less abundance of 
labour capable of executing random rubble work in the way required. 
Such work has to be carried oat in horizontal courses, and, to use the 
description of tho French Engineers, the platform of each course should 
present the appearance of a field bristling with projecting stones, so as 
to secure a bond in every direction ; none of the stone should be larger 
than can be easily carried and handled by oiie man. If ooncrete be 
used| the roughness of surface cannot of course be the same in degree. 
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bat it should be similar on the smaller scale proportioned to the smaller 
size of the stone. The lime used must be naturally, or must be made 
artifioiallj, decidedly hydraulic. The time, within which the iaortar 
must be relied on to set hard, will depend on the oiroumstancef of the 
site, and upon the period therefore that may be expected to elspte, after 
the completion of any gi^en height of the dam, before water will be 
permanently retained to that level. If there be no means of keeping 
down the water level below the lower part of the dam for tl^e time 
being, and if, as may be the case, the water be liable to rise to tins level 
within a very short time of, or immediately after the execution of a 
section of the height, it will be necessary to take oare that the morlar 
is eminently hvdraulic, and that the quantity of water used in its 
preparation is just what is necessary for the rarmation of hydrate 'of 
lime, and no more. 

The more hydraulic the lime may be, the greater the necessity for 
preventing the desiccation, or prematmre drying of the mortav in each 
successive layer of rubble masonry or concrete. Though an excess of 
water in the preparation of the mortar would be highly prejudicial, 
rapid desiccation after it has been placed in the work would be even 
more so, and in the climate and temperature of SouthMTm Ifidia the 
surface of freshly executed hydraulic masonry must be kept artifici- 
ally moist in some completely effective manner. Even a very short 
time after hydraulic mortar has been put into a work, it will have 
set safficiently not to absorb any more water placed upon it, than 
that whieli a very thin layer of the surface may need for its trans- 
formation. Wet sand, grass, or straw, may be used to cover ip fresh 
work if more convenient than water, but moisture mutt be maintained 
continuously on the horizontal surface of the work so loig as this 
remains uncovered by the succeeding course, aWd on the front and rear 
faces tor at least ten or twelve times the period required for the firm 
setting of the mortar. 

The sand must be elean and sharp : sand suitable for ordinary 
hydraulic construction work will do, but ipeeial care mini be tiU^en to 
make it perfectly free from earth or dirt of any kind. 

166. Examples of Dama^the Feriyir Dam.— A concrete dam 

faced with rubble masonry, 176 feet high, and retaining a head of 
water, with the reservoir full, of 162 feet, was constructed across the 
valley of the Periy&r river in 1868-96, with the object of diverting 13ie 
flow of the river from its own vallej in the rainy district of Travanoore, 
on the western side of the Ghdts, by means of a tunnel through the 
narrow dividing ridge, into the valley of the Vaigai, for irrigating the 
dry district of Madura on the eastern side of the mountain range which 
intercepts the rain coming from the Arabian 8ea during the South- 
West Monsoon. The dam forms a reservoir with an area, when full, of 
6,405 acres, from which the water can be drawn down 31 feet to the 
level of the sill of the diversion, affording a volume of 252 million 
cubic yards for supplementing the discharge from the river at its low 
stage, when it has a flow varying from 15 million up to 450 million 
cubic yards in a month. The dam accordingly in this case, enabling 
the flow of the river to be utilized for irrigation, so that the upper layer 
of water impounded in the reservoir forms only an auxiliary sapplyi 



Pig. 118. The Perijir Dam. 

will peimanentlT maintain a depth of water in tlie reserroir of 131 
feet ; but thoagn this depth is more than four times the depth of the 
Isjer which oan be utilizedj the volume of water retained in the 
reservoir is 13 million cubic yards lees than that arailahle for drawing 
off, owing to the notable decrease of every reservoir in area towards the 
bottom. The water is led from tbo reservoir in an open outting, 21 
feet wide, to the tunnel; rather over a mile in length, wniob pierces the 
rocky ridge, separating the river basins. The tunnel, having a sectional 
area of 90 square feet, baa been given a fall of 1 in 75 for disohargii^ 
the flow of the Periy^r into a tributary of the Yaigai. From this 
tributary it is directed by a weir into the distributing channels for 
irrigation. A waste-weir, 420 feet long, has been formed aorosa a 
depression on the right bank of the Feriy&r valley, Plate XXII but 
separated from the dam by a ridge of rook, with its orest 162 feet 
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above the bottom of the resenroir, and 14 feet below the top of the 
solid dam, over which the surplas waten are discharged during a high 
flood. 

167t The Tansa Dam*— This great dam forming a reservoir for 
the supplj of Bombay, was begun in 1886, and completed in April 
1891. The work was done bj contract and cost 31 lakhs of rupees. It 
is straight in plan, the alignment consisting of two tangents, and it has 
a total length of 8,800 feet, the maximum height being 118 feet. For 
a length oi 1,650 foet the dam is depressed three feet to serve as a 
waste-weir. The thickness of the masonry at the base is ^6*5 feet and 
the entire section is made of sufficient dimensions for an ultimate 
height of 135 feet, to which it may be raised in future when its length 
will be 9,350 feet on top. 

The dam consists of unooursed rabble masonry throughout, all the 
stones being small enough to be carried by two men. The stone is a 
hard trap rook, quarried on the spot. The cement was burned at the 
site of the dam from nodules of hydraulic lime-stone. From 9,000 
to 12,000 men were employed on this dam during the working season 
of each year, from May to October, but during monsoons all work was 
suspended. 

The volume of masonry in the work is 408,520 cubic yards. The 
excavation was carried to a considerable depth in places, and necessi- 
tated the removal of 251,127 cubic yards for the foundations. 

The reservoir covers an area of 5,120 acres and impounds 2,720 
million cubic feet above the level of the outlets which are placed 25 feet 




Fi|^. 119. The Poona or Lake Fife IHm- 
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below the cfoet of the waste-weir, or 89 feet above the riyer-bed. The 
loM hj evaporation reduoes the available sapplj to 6,8^8,000 oubio feet, 
although of course many times this quantity oould be drawn from the 
lake if the outlets were near the bottom. The area of the watershed is 
52*5 sauare miles, on whioh the rainfall is tram 150 to 200 inches 
annually, and the estimated annual run o£F is 1,164 millions cubic feet. 

168. The Poona or Lake Fife Dam.— This was one of the first 
maaonry dams built in India by the British G-ovemment for irrigation 
storage, and was begun in 1868. It is made of unooursed rubble 
masonry, founded on solid bed-rock, and is straight in plan, having a 
top length of 5,136 (nearly a mile), of whioh 1,453 feet is utilized as a 
waste^way. Its maximnm height above foundation is 108 feet, and 
above the river-level 98 feet. 

It is considered that the design of the dam does not exhibit any 
great professional skill. The upstream batter is 1 in 20 and the down- 
stream slope I In 2, unchanged from top to bottom, the top width being 
13 feet 9 inches, and the base 60 feet 9 inches. The alignment of the 
dam is in several tangents with different top width for each, according 
to its height, the points of junction being backed up by heavy buttresses 
of masonry. When completed the dam showed signs of weakness and 
was strengthened by an embankment of earth, 60 feet wide at top, 30 
feet high, piled up against the lower side. 

The water is drawn from the reservoir 59 feet above the river-bed, 
and there is therefore available but 29 feet of the total depth of the 
reservoir. The amount available above this level is 3,280 million cubic 
feet. The lake is 14 miles long and covers an area of 3,681 acres. 

169. The Bhatgur Dam.— There are no masonry structures in 
the United States or Europe which surpass in size those of India, whioh 
have been constructed for irrigation purposes by the British Gov- 
ernment, in the attempt to render the great population self-supporting 
and check the frightful famines by which it has been periodically 
devastated. 

The Bhatgur dam, constructed on the Yelwand Biver, about 40 
miles south of Poena, is one of the most notable of these great 
structures. Its length on top is 4,067 feet, its extreme height above 
foundations is 127 feet, and it forms a reservoir 15 miles in length, having 
a capacity of 5,480 million cubic feet. The extreme bottom width of 
the dam is 74 feet, and the crest is 12 feet wide, forming a roadway. 
The alignment of the dam curves in an irregular way across the valley, 
so as to follow the outcrop of bed-rock on which it is founded. The 
section of the dam was designed after a formula similar to that 
deduced by M. Bouvier, and ail the calculations were worked out by 
Mr. A. Hill, M.I.G.E., who was afterwards assistant on the construction 
of the Tansa dam. The curve adopted for the lower face was a catenary, 
but the wall was actually built in a series of batters. 

The three primary conditions of the design were — 

1^/. — ^The intensity of the vertical pressure was nowhere to exceed 
120 lb. per square ineh (8'64 tons per square foot) ; 

2nd. — ^The resultant pressures were to fall within the middle 
third (ji the section ; and 
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^d. — ^The average weight of the masonrj was assumed at 160 lb. 
per oubio foot. The use of ooncrete was onlj permitted 
where the pressure was calculated not to exceed 60 lb. 
per square iuoh, which gave a factor of safety of between 
6 and 7. 

The dam was designed and built by Mr. J. E. Whiting, m.i.c.e. 

Waste-weirs at each end of the dam have a total len^h of 810 feet, 
and can carry 8 feet depth of water. The roadway is carried over 
these weirs on a series of 10-foot arches. Additional flood-discharge 
is given by twenty under-sluices, 4x8 feet in size (of which fifteen 
are located 60 feet below the crest), having a total capacity of 20,000 
second-feet. These sluices are lined with cutstone, and closed by iron 
gates, operated from the top of the dam. The overflow wasteway is 
closed by a novel series of automatic gates that open in flood and rise up 
into position as the flood recedes, permitting the full storage of the 
additional 8 feet depth to be utilized. The gates are nicely balanced 
b^ counterweights that occupy pockets in the masonry. As the water 
rises to the top of the gate it fills these nockets, reducing the weight of 
the counterpoises, and the gate, being tnen heavier, wiU descend below 
the crest of the weir. When the level of the flood is reduced so that 
it no longer enters the pockets, the latter are emptied by small holes in 
the bottom, and the counterpoises overcome the weight of the gates, 
lifting them into place again. 

The reservoir is used to supply the Nira Canal, which heads 19 miles 
below. This canal is 120 miles louff, 23 feet wide, 7*5 feet deep, and 
carries 470 second-feet, supplying 300 square miles of land. ']'he water 
is diverted to it by a masonry diverting-dam, known as the Yir weir, 
which is of itself an important structure, being 2,340 feet long, 43*5 feet 
high, oonstructed of ooncrete faced with rubble masonry. Its top width 
is 9 feet. Maximum floods of 158,000 seoond-feet pass over its orest to 
a depth of 8 feet, coming from a watershed of 700 square miles. A 
secondary dam, forming a water-cushion, is located 2,800 feet down- 
stream. This is 615 feet long, 24 feet high, built of masonry founded 
on bed-rock, and carries a roadway over its crest. During maximum 
floods the water is 32 feet deep in the cushion when the water is 8 feet 
deepover the main dam. 

The works were finished in 1890-91, 

170. The Betwa Dam.— This masonry structure forms a diver- 
sion, weir for turning the water of the Betwa Biver into a large 
irrigation-^canal, and also serves for storage to the eirtent of J,6u0 
million cubic feet, which is the capacity of the reservoir above the canal 
fiow, although not all available. 

The total length of the dam is 8,296 feet, and its maximum height 
is 50 feet. It has an extremely heavy profile, being 15 feet thick at 
top and 61*5 feet at base. At its highest part the down-stream face is 
vertical and a large block of masonry 15 feet thick reinforces the dam 
at its lower toe. It consists of rubble masoniy laid in native hydraulic 
lime, with a coping of ashlar, 18 inches thick, laid in Portland cement 
mortar. 

In plan the dam is divided into three sections, of different lengths, 
by two islands, and is irregular in alignment. • 

24 
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^e oanal floor is placed 21*5 feet below the orest of the dam. A 
masonrj subsidiary weir, 12 feet wide on top, 18 feet high, to form a 
water onshion for the overflow of the dam, was built 1,400 feet below, 
across the maia channel, and a second subsidiary weir, 200 feet below 
the main weir, was made, to check the ri^ht-bank channel at the same 
level. The main dam and subsidiary weirs cost 5 lakhs of rupees, not 
including the regulating and flushing sluices, which cost Bs. 31,000. 
The main canal is 19 miles long, and with its branches supplies 150,000 
aores. The dam ia located 10 miles west of the town of Toona, on the 
Mutha Biver. 

The canal on the right bank is 23 feet wide, 8 feet deep, and 99*6 
miles long, drawing 412 second-feet from the reservoir and distributing 
it over 147,000 acres of land to be irrigated. At the town of Poena a 
drop of 2*8 feet is utilized for power by an under-shot wheel, to 

{lump water to supply the town. The left bank canal is 14'5 miles 
ong and carries 38 second-feet. The sluioes from the reservoir are each 
2 feet square, closed by iron gates operated by capstan and screw from 
the top of the dam. Ten of these supply the larger canal, and three dis- 
charge into the small one. Eight additional circular sluices, 30 inches 
in diameter, supply water to natives for mill-power and discharge into 
the larger canal. 

171. The Beetaloo Dam.— Like the Periydr dam in India and 
the San Mateo dam in California, this structure is composed entirely 
of concrete, of which about 60,000 cubic yards were used. 

The dam was built in 1888-90, to form a reservoir of 126 million 
cubic feet capacity for imgation and domestic water-supply. 

The dam is 580 feet long on top, curved in plan, with a radius of 
1,414 feet, and designed after Professor Bankine's logarithmic profile 
type. The maximum height is 110 feet, the base widw bein^ the same 
as the height. The thickness at top is 14 feet. The spillway is 200 feet 
long, 6 feet deep. The cost was 17} lakhs of rupees. 

Water is distributed entirely by pipes under pressure, some 255 miles 
of pipe from 2 to 18 inches diameter being required. 

The dam was designed and built by i£r* J. G. B.^Moncrieff, m.i.c.b.9 
Chief Engineer. 

172. The Geelong Dam.— This structure is also constructed 
wholly of concrete, made of broken sandstone and Portland cementi in 
the proportion of 1 of cement to 7^ of aggregates. 

The dam is 60 feet high, 39 feet thick at base, and 2*5 feet on 
orest. It is curved in plan on a radius of 300 feet from the water-faoe 
at crest. The coping is formed of heavy bluestone of large size cut and 
set in cement. 1 he work was cariied up evenly in courses a few inches 
thick, and thoroughly rammed. The surface of the finished concrete 
was wetted and coated with cement grout before adding a fresh layer 
to it. 

The dam forms a reservoir for the supply of the city of Geelong in 
the State of Victoria, Australia. Water is drawn from it by two 
24-inch pipes passing through the masonry, one of which is used for 
scouring purposes. The dam leaked slightly at the outset, but this 
leakage quickly disappeared. 

173. The Qaaker Bridge Dam.— The great dam for increasing 
the water-supply of New York is 780 feet long, 290 feet maximum 
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hoiffht. It has a base width of 185 feet and orest width of 18 feet 
ezcTusiye of the parapets protecting the roadway. The watershed area 
above the dam is 36U'4 sqnare miles and the reservoir when fall will 
submerge an area of 3,360 acres. The original estimate of the volume 
of masonry of all kindis was about 579,000 cubic yards and is of rubble 
in cement. 

The dam proper is joined to the left bank by an earthen embank- 
ment about 5'30 feet long, 245 feet in extreme height above its founda- 
tion and 120 feet above ground surface. Its top is 30 feet wide and 
stands about 20 feet above high water. The main dam is connected 
with the earthen dam by heavy masoury wing walls and masonry core 
wall. In continuation of the main dam a masonry overfall weir of 
heavy cross-section and 1,020 feet in length is constructed. 

174. Sweet-water Dam.— This dam is slighter in cross-section 
than theory would require and depends to a certain extent on its 
curved plan for its stability. As shown in Plate XXV, it is 90 feet 
in maximum height, 380 leet long, 1 2 feet wide on top and 46 feet 
wide at the base. The radiu« of its curvature being great, this adds 
considerably to its stability. The structure is built throughout of large 
uncoursed rubble masonry, the greatest care having been used in every 
detail of construction. At its southern end are a set of seven escape- 
ways 40 feet in aggregate width, so arranged that the water issuing 
through them drops firsi into a series of water cushions, and is then led 
off by a directing wall so as to clear the dam. Near its base is a 
discharge sluice, operated from a water tower in the reservoir. 

176. Bear Valley Dam. — ^The most notable curved dam is the 
Bear Valley dam in GaUfornia, the cross-section of which is unusually 
liffht, as it depends chiefly on its carved plan for its stability, Plate 
XXVI. It is but 3*2 feet in width on top, and 8*5 at a depth of 48 feet 
below the crest. At this point an offset of 2 feet is made on each side, 
and its width thence increases to 20 feet at its base, which is at a point 
64 feet below its crest. The structure is about 300 feet in leugth on 
top, and in plan it is curved with a 335-foot radius. It is built 
throughout of uncoursed rubble granite masonry, and depends almost 
wholly on its curved plan and excellence of its construction for its 
stability, since the lines of pressure with the reservoir full fall from 13 
to 15 feet outside of its base. 



176. Pacoima Submerged Dam. — One of the most novel and 
interesting masonry dams erected for impounding water in California, 
where so many novelties and experimental works have been carried out, 
is a slender little reservoir wall built across Pacoima Creek in the San 
Fernando Valley, 20 miles north of Los Angeles, for the purpose of 
forming an underground reservoir, whose storage capacity consists solely 
of the voids in the gravel bed filling the valley of the stream. 

The creek drains a watershed whose area is 30*5 square miles above the 
point where it issues from the mountains. Here it flows over exposed 
Ded-rock, and the normal sununer flow, which dimifiisbes gradually from 
about 2 cubic feet per second to less than one* tenth of that quantity is 
entirely diverted by a pipe-line and used below for irrigation. The dam 
in question is located 2| miles further down where the channel of the 
stream is contracted to a width of 650 feet b^ a ledge of sandstone which 
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oroflBM it at aboat right angles. Between the dam and the numth of (he 
oauyon ia a oontinnoos bed of gravel, in places half a mile wide, whiob, 
though l;ing on a heavy grade, constitutea the storage-reaervoir. The 
dam waa oooatmoted by excavating a straight treaoh, b feet wide, from 
side to aide of the ohannel, down to and into the sandstone bed-rook. 
In the centre of the trench a wall of rabble masonry was laid, 3 feet wide 
at bate, 'Z foet at eurfaoe, neiug the cobbles esoavated from the trent^, 
and a mortar of Portland oement and sand. The mistake was made of 
not filling the entire width of the trench with conorete, thoroughly 
rammed between the side walls, which would probably have insured 
satisfactory water-tightness. As it waa, the space each aide of the wall 
was refilled with gravel, and the wall waa not thick enough or suffioiently 
well pointed to be entirely water-tight. The general height of the wall 
is 40 feet, the maximum being b'4 feet. Plan, profile, and section of 
the dam are shown in Figs. i:;JO and 12L. Two gathering wells are 
provided in the line of the wall, each 4 feet inude diameter, reaching 
from bottom to top. 




¥ig. 120 Profile Psooiaia anbmwged Dam. 
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Fig. ISl. BectioDi of Paooima BnbsMrged Dam 



Plate XXVI. The Bear Valley Dam. 
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Thjres tines o( dxam pipes, 8 aiid 10 indies diameter and made of 
asphalte oon(«ete» laid with open joints, are plaoed inside the dam leading 
to the wells> the function of which is to gather the water and feed it to 
the welk. Outlet-pipes 14 inches diameter, one from each well, lead 
to either side of the vallej. These are plaoed 13 feet below the top of 
dam and connect with a main leading to the pipe distributing system 
supplying the irrigated lands. When the reserroir is drained down to 
the level of these outlets further draft is made by pumping, which is 
required for about 100 days during late summer and lall. 

The cost of the dam is given at Bs. 1,50,000^ and the volume of 
masonry was about 2,000 cubic yards. It is a piece of amateur work, built 
without engineering advice, but. it serves a useful purpose, though not 
at all commensurate to its cost. It is, however, a type of dam that may 
be applicable to other localities more natumlly favorable than this. 

The dimensions and capacity of this novel reservoir cannot be clearly 
determined, but its surface area is approximately 300 acres, its mean 
depth probably 15 to 20 feet, and its capacity equivalent to the volume 
of voids in the gravel, or 58 to 65 million cubic feet. 
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Fig. 122. The Zola Dam. 



177« The Zola Dam— designed b^ the father of the noted 
novelist, is one of the few dams depending solely upon their axohed 
form for their stability. It is 110*7 feet high, 48*8 feet thick al base. 
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19 feet tluok at top, and 205 feet long on the orest, which is snr- 
mounted bj a parapet i feet high. The gorge has a width of but 23 
feet at the base of the dam. The radins of the aroh is 158 feet at the 
crown. The water-face has three steps or ofiEsets from the vertical and 
the profile is quite erratic and irregular. It forms a reseryoir for 
supplying the city of Aiz with water, and was built about the year 
1843. It is made of rubble masonry, founded on rock. 




Tig. 123. The FareoB Dam. 

178. The Furens Dam.— Among many engineers this famous 
dam is recognized as a model of correct form, profile, and dimensions, 
whose outlines conform closely to what are accepted as certainly safe 
and well-balanced proportions throughout, even though the volume of 
material may be slightly excessive. It was built by the French G-ovem« 
ment in 1862 to 1866 for the purpose of controlling the floods of the 
Furens Biver and protecting the town of St. Etienne from inundations. 

The dam is 183*7 feet in extreme height on the down-stream side, 
170*6 feet in height on the up-stream side, and carrying a maximum 
depth of 164 feet of water. Its base thickness is 165*8 feet, and it is 
16*4 feet thick at a depth of 21 feet below the top. The crest is 12*4 
feet wide, and is used as a carriage-road ; the top length is 326 feet. 
The dam was four years in building, construction being limited to six 
months each season owing to the altitude and to the severity of the 
winter weather. Each year, while building, the water was allowed to 
flow over the top of the finished masonry, and when complete^ np 
leakage was visible further than a few damp spots on thelower/^sidio 
mth full reservoir. 
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Fig. 124. The Ban Dun. 



179. The Ban Dam.— Next to the Furens dam m height the 
reservoir wall construoted in 1867 to 1870, near the city of St. 
Ghammond, was built npon the same general principles as the Fnrens 
dam, exoept that a greater maximum pressure was permitted npon the 
masonrj, the computed extreme being 818 tons per square foot. Its 
extreme height is 157 feet, length 512 feet, base thickness 127 feet, top 
width 16*4 feet. The wall is battered or curved od both sides, there 
being no vertical faces. In plan it is curved convex upstream. It is 
composed of rubble masonry founded on rock. It is used for the 
supply of the city of St. Chammond — 
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Fig, 136. The Bonsey Dam. 

ISO. The Botuiey Dam. — The failure of this structure, April, 
27, 1895, with the loss of one hundred and fifty lives and the desiroo- 
tion of much property has particularly emphasized the value of several 
features of masonry dams which may be regarded as essential in the 
desigpa of all such works — 

let. — ^That thej may be foimded on impermeable bed-rook and the 

possibility of upward pressure from water passing through 

fissures be avoided. 
2nd, — That they shall have a profile of such dimensions as to 

permit of no tension in tne masonry. 
3rd. — ^That the masonry shall be practically impervious to water. 
ifh. — That it bo curved in plan to avoid temperature cracks And 

movements as the result of expansion and .contraction of 

the masonry. 

The Bousey was lacking in aU of these essential features, and its 
failure was not surprising in the light of all the faots that have been 
publidied regarding it. 

It was built in 1878 to 188 1 , near Epinal, France, across the small 
stream of Avi^re to form a storage«reservoir of 1,875,000,000 emllons 
for supplying the summit level of the Eastern Canal, whiok here 
crosses the V osges Mountains in connecting the riven Moselle and 
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Saon^, this oanal being a oonneoting link in interior nayigation "between 
the Mediterranean and the North Bea. 

The reservoir was fed by an aqueduct from the Moselle Hirer. 
The reservoir covered an area of 247 acres. The general dimensions 
of the dam are as follows : — 

FIBT. 

Length on top 1,700 

Height above river-bed . . . . • • . • 49 

Height above foundations . . 72 

Width on top 13 

Width 36 feet below water-level 18 



The wall was vertical on the water-face from top to bottom. 

The masonry was founded on red sandstone, which in places was 
fissured and quite permeable, with springs which gave trouble in 
constructing the foundations. The foundation was not excavated to 
solid, impermeable rock under the entire dam, but an attempt was made 
to remedy this deficiency by building what was called a *' guard-wall '*, 
6*5 feet thick, on the upper side of the dam extending down below the 
foundations through the imperfect rock for the purpose of cutting off 
leakage underneath. This was carried up to the river-bed and lapped 
against the main wall. The dam was completed in 1880, and the 
following year water was admitted. When it had reached about i the 
height, 33 feet below the top, enormous leakage, amounting, it is said, 
to 2 cubic feet per second, appeared on the lower side of the dams partly 
due to two vertical fiRsures or expansion-cracks in the wall. On March, 
14, 1884, when the water had risen to within 10'4 feet of the top the 
pressure was sufiicient to bulge the wall forward for 444 feet, forming 
a curve convex down-stream, the extreme movement being from 1 to 
3 feet according to different authorities. Four additional fissures then 
appeared, and the leakage increased to about 8,000,000 gallons per day. 
These cracks opened in winter and closed in summer. The wator was 
kept behind the dam and the following year allowed to rise to within 2 
feet of the top, after which it was drawn off, when it was discovered 
that for 97 feet the dam had been shoved forward, separating from 
the guard-wall, and numerous cracks were found on the inner face. 
Extensive repairs were then undertaken. The joint between the main 
wall and the guard-wall was covered with masonry and surrounded by 
a bank of puddle, 10 feet thick, while a heavy, inclined buttress- wall 
was built at the lower toe, deep into the bed-rock and toothed into the 
masonry of the dam to prevent tendency to slide on its base. This 
abutment was nearly 20 feet in height and its base was 84*3 feet below 
the top of the dam, making the total thickness of base 71 6 feet. 
Notwithstanding all this work the dam was fatally weak at a point 
near the river-bed level, where the line of resistance falls considerably 
outside the middle third, and the final break occurred at a point about 
33 feet below the top, where the fracture was almost horizontal longitu- 
dinally^ and 594 feet of the central pait of the dam was overturned. 
The break was level transversely for about 12 feet and then dipped 
towards the outer face. The repairs finished in 1889 were presumed 
to have made the dam safe, and the break did not occur for six years 
afterwards, during which time the action of temperature-changes is 
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JiiSestuQa^d to have produced the weaknesB resulting in the final oatas- 
rophe. An interesting aocount of the &ilure of the dam was published 
in Engineering News. May, 16 and 23, 1895. The lesson taught by it 
will be seryioeable to Engineers the world over. 




Fig. 126. The Alicante Dam. 



181. The Alicante Dam. — This structure, erected in a narrow 

forge on the river Monegre, in 1579 to 1594, is the highest dam in 
pain, and is used for irrigation of the plains of Alicante. The height 
is 134'5 feet, the base width being 110*5 feet, and the crest 65*6 feet. 
The gorge is remarkably narrow, being but 80 feet at bottom and 190 
feet on the top of the dam. The dam is curved in plan, with a radius 
of 351*37 feet on the up-stream face at crest, which has a batter of 3 
to 41. The dam is built of rubble masonry, faced with cutstone. It 
is supposed to have been designed by Horreras, the famous architect of 
the Esourial palace. 

The reservoir formed by the dam is small for so large a structure^ 
having a length of but 5,900 feet and a capacity of 975,000,000 gallons. 

The stream carries suoh a large volume of silt that it is necessary 
to scour out the sediment by a device called a scouring-gallery. The 
scouring is done every four years* The gallery is a culvert through the 
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centre of the dam at the bottom^ 5*9 feet wide, 8*86 feet high at the uppeir 
end, and enlarged below. The month is closed by a timber bnlk*head, 
which is ont ont from below when the scouring is to be done. The 
sediment forms to a great depth above the month of the culvert, and 
has to be started to move by punching; a hole through it with a heavy 
iron bar. 

The sediment which is not swept ont by the velocity of the current 
shoveled into the stream by workmen. 

182. The Fuentes Dam.— This structure is noted because it was 
of unusual height and massiveness, and yet failed by reason of its having 
been founded on piles driven into a bed of alluvial soil and sand instead 
of bed-rock. It was erected in 1785 to 1791, on the (iuadalantin 
Eiver, at the junction of three tributary streams, and stood successfully 
for eleven years, during which time the depth of water never exceeded 
82 feet, but in 1802 a flood occurred which accumulated a depth of 
154 feet in the reservoir, and produced sufficient pressure to force water 
through the earth foundation. The reservoir was emptied in an hour, 
the pile foundation was washed, and a breach in a masonry, 56 feet 
wide, 108 feet high, was created, destroying the dam and leaving a bridge 
arching over the cavity. The extreme height of the dam was 164 feet, 
and its crest-length was 925 feet ; its thickness at base was 145*3 feet 
and at top 35*72 feet. The extreme pressure on the masonry was 
computed by M. Aymard at 8*12 tons per square foot. It was built of 
rubble masonry, with cutstone facings, and was polygonal in plan, with 
convexity up-stream. Water was taken from it through two culverts, 
one near the base and the other 100 feet from the top. These were 
5*4 feet wide, 6*4 feet high, and connected with masonry wells having 
small inlet-openings from the reservoir. A scouring sluice, 22 feet wide, 
24*7 feet high, was also provided through the dam, divided by a pier into 
two openings at its mouth to shorten the span of the timbers that closed 
it. At the time of the break the mud deposited in the reservoir was 
44 feet deep. 

The disaster caused the loss of 608 lives and the destruction of 809 
houses. The property lost was estimated at $1,045,000. 

The dam is reported to have been recently restored, and was 
doabtless eictended to bed-rock for its foundation. 

188. The Vyrnwy Da]ii.--43inoe JuJy, 14, 1892, the oity of 
Liverpool, England, has been chiefly supplied by watev fmm a lai^ 
stovagie-reservoir, having a surface area of 1,120 aorei, in the moon- 
tains of Wales, 77 miles distant, formed by a monumental d«m of 
masonry erected across the Yymwy valley, in ] 882 to 1889. The dam 
has a top length of 1,172 feet, is straight in plan, and has a maximum 
height of 161 feet from foundation to parapet. It is used as an overflow 
weir over its entire length, and its profile was designed to offer addi- 
tional resistance over that presented by water-pressure alone. An 
elevated roadway is carried across the dam on piers and arches, above the 
level of flood-water, which adds greatly to the architectural effect and 
ornamentation of the imposing mass of masonry. The great wall ia 
oompoaed of cutstone. The base width of the dam is 1 17*75 feet. The 
baok-water level below the dam is 45 feet above its base. 

The total volume of masonry in the dam is 260,000 onbic yaids, whidk 
was laid with such extraordinary oare that its average cost was nearly 
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Bs. ^0 per oubio yard in a ooantrj where materials and labour are of the 
oheapest. 

The base of the dam is founded on a hard slate rook, and one end 
of the masonrj is built into the solid wall of bed^rook on the side of 
the valley. At the other end, however, the rook was so deeply overlaid 
with a deposit of boulder olay that the masonry was oonneoted with this 
material by puddle-wall of oIaj recessed into the masonry. 

The general dimensions of the dam are as follows : — 

FEET. 

Total length on top . . . . . . • . . . 1,17*2 

Maximum height on top of roadway parapet . . 161 
Height, river-bed to parapet • . . . . . 101 

Height, river-bed to overflow level . . . . 84 

Greatest width of base 120 

Batter of water-face 1 to 7*27 

The reservoir formed hj the dam covers a surface area of 1,121 
acres, and impounds 12,ldl,000,000 Imperial gallons, or 44,690 acre- 
feet. This gives a mean depth of 39*87 teet, or 47*5 per cent, of the 
maximum. The watershed area is 29 square miles,' upon which minimum 
recorded rainfall is 49*63 inches, and the maximum 118*51 inches. 

The average cost of the dam per acre-foot of storage capacity formed 
by it was 

The dam was planned and constructed by ti^eorge F. Deacon, Chief 
Ei^ineer, Liverpool Water-works. Messrs. Thomas Hawkesley and 
J. F. Bateman were CSonsuIting Engineers. 

Tests made by Kirkaldy of large blocks of the concrete and masonry 
taken from the dam showed a compressive strength of 300 tons per 
square foot, while the maximum strains to be borne by it are but 9 tons 
per square foot, an excess of strength which has been considerably 
critioised. 

184. Masonry Reservoir Dam with Flood Discharge 

Sluices.— Beservoir dams for storing up water for irrigation or waters 
supply are commonly constructed across the narrow, mountainous goi^ 
of a small river or stream, whose waters during floods gradually fill the 
reservoir thus formed above the dam; and the moderate volume of 
surplus water in wet years passes over the waste-weirs. When, how- 
ever, a dam is constructed across the channel of a large river, snoh as 
the Nile, to store up a portion of the flow towards the close of the flood 
season, as designed, to oe accomplished bv the masonry dam at Assn&n, 
provision has to be made for the discharge of the maximum flood 
through numerous openings near the bottom of the dam, which are only 
closed when the flood has begun to abate, and the river, having fallen 
considerably, is carrying along comparatively little silt. The Assu&n 
dam stretches across the Nile at the first cataract, and is to retain a 
maximum head of water of 65§ feet, rising itself 10 feet above the 
highest water-level of the reservoir. It is pierced by one hundred and 
forty under-sluices, 23 feet high and 6 feet wide, and forty upper- 
sluices of the same width but only half the height. The sixty-five 
lowest sluices, situated in the deeper channels, have their sills about 3^ 
feet above the lowest water-level on the down-stream side of the dam, 
and the other under-sluices are built at a uniform level, with their sills 
aboat 16 feet higher up. The sluices, separated by piers 16^ feet wide, 



Fig. 127. The Nilo Dam at AiiuAn. 

»re artanffed id groaps of ten ; wli'lst there is a thioknesB of 33 feet of 
maaonrv between groujM. All the under-alaicee are oloaed by LLftm^ 
gates eliding on free rollerei. The foundations have been oamed down 
into the Bolid granite rock forming the bed of the river ; and the total 
length of the dam at top is 6,398 feet. The navigation of the river is 
provided for at the dam, by a channel excavated along the left bank, 
with locks for surmonnting the fall of the dam. The volume of water 
retained hj the Assu^n dam, available for increasiog the flow of the 
Nile below the dam diiring ita lowest stage, after deducting the eeti* 
mated loss from evaporation of a depth of 3^ leet over the whole 
surface of the reservoir, will amount to 1,295 milHon cubic yards. 
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It is mo8t important that sufficient water should be stored to ensure 
the flow of the Nile at A88ui.n never being less than 500 cubic metres 
(654 cubic yards) per second at the canal heads for distribution, so 
that all the lands in Upper Egypt, intended to be under perennial 
irrigation, may receive with certainty the requisite supply of water 
throughout the summer, even in years when the discharge of the Nile 
falls very low ; for a failure of water ruins the summer crops, causing 
great loss to the cultivators, and leading to the lands Doing left 
uncultivated. 

186. The Assiout Dam.— In connection with the utilization of 
water stored in the great Assu&n reservoir a diverting-weir is being 
erected across the Nile, below the head of the Ibrahimia Canal. 

This dam is also of masonry, and will have a total length of 3,930 
feet, and a maximum height of 48 feet. The dam will have one hundred 
and twenty slmces, each 16*4 feet wide, with piers 6*66 feet wide 
between them. The navigation-lock will be 262 feet long, 62*5 feet 
wide, capable of passing the largest steamers that ply on the Nile. It is 
located aoout 200 miles above Uairo. 

The loss of water from evaporation and seepage in the Assu&n 
reservoir, and in traversing the distance of 330 miles to Assiout, is 
estimated at about 21*5 per cent., leaving about 32,000 million cubic feet 
as the nett amount available for irrigation. 
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OHAPTEE XII. 

80UB0E8 OP WATER-SUPPLY— WELLS— WATEKLIFTS. 

186. SMiroes of WatW-snpplY. — ^In addition to the oolleotion 
of rain-water aa it falls^ water may oe ootained in considerable quantities 
from streams and rivers fed by the rainfall flowing off the basins whioh 
they drain, or from springs which constitute the outlet of rain which 
has percolated through permeable strata : and it can also be raised from 
wells sunk down so as to tap underground supplies contained in the 
water-beaiing strata resting on impermeable beds. 

187. Sources of Earth Waters. — ^The water which enters the 
soil by percolation either from rain or from canals, reservoirs, or tank 
finds its way through the soil to some lower level, where favourable 
geologic structure enables it to again reach the surface. This seepage 
water mav move slowly through the particles of sub-soil, its motion 
being rather that due to absorption or capillary attraction than to direct 
percolation ; or it may enter some scam between two formations from 
which it may find an exit perhaps at some great distaDce through a 
sprinff or arteeian well. The flow of water by percolation is limited not 
only by the degree of porosity of the strata, but also by their inclination. 
Yet comparatively impervious rocks frequently furnish abundant 
supplies which are the result of capillary attraction. 

188. Wells.— The wells sunk for the purpose of procuring a supply 
from the underground waters contained in permeable strata are of two 
kinds, namely, shallow wells sunk nearly to the bottom of a superficial 
permeable stratum, and deep wells sunk through an upper, impermeable 
stratum, some distance down into an underlying, water-bearing 
permeable stratum. In each ease the wells tap the underground flow, 
or subterranean reservoirs of water derived from the rainfall, which 
find a natural outlet in the form of springs at the outcrop of the strata, 
or are sometimes permanently retained in the lower portions of the 
permeable strata from the absence of any outlet at a low enough level 
to drain o£E the waters during dry weather. Wells and springs usually 
derive their water-supplies from shallow formations as gi^avels, sands 
and marls. Their temperature is the same as that of the surface of the 
soil, while their flow is affected by precipitation of recent occurrence 
and by evaporation from the surface of the ground. 

Gravitation tends to draw the water towards the centre of the 
earth, and it percolates in that direction until intercepted by some im- 
pervious stratum along which it finds its way. If the water tills a 
pervious stratum so surrounded by impervious strata that it is prevented 
from escaping, and the hydrostatic pressure due to the inclination of the 
beds is sufficient to bring the water to the surface the conditions are 
favorable for the production of an artesian well. All that is necessary 
is to pierce the upper confining stratum by boring, when the water will 
escape. Generally artesian supplies exist in the newer sandstones and 
other equally porous rooks. Waters are frequently gathered into such 
strata from distant catchment basins. Where such a water-bearing 
stratum approaches the surface in a broad plain it forms an extensive 
artesian basin. 
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Shallow wells afford aooess to the rain-water peroolating through a 
permeable surface stratum, whose downward flow is arrested by an 
underlying impermeable stratum, such as that of sand or gravel over- 
lying a bed of clay. Moderate supplies of water are readily obtainable 
in this manner at small oost ; but, if the water is used for domestic 
purposesi great caution is needed to avoid contamination from surface 
imparities being carried down into the well through the shallow stratum. 

Deep wells are not open to the same objection: for the upper 
impervious strata shut off, for the most part, the SQrfa<».e impurities ; and 
the thickness of the strata which have to be traversed before the water 
drawn into the well is reached protects the water to a great extent by 
filtration from organic impurities. These wells, when very deep, are 
usually constructed by siting an ordinary brick-lined well for the 
upper portion and then carrying down a steel tube considerably further 
by boring to the requisite depth ; but in many instances wells have 
been bored and lined with tubes throaghout and this is a more 
economical method of construction. 

189. Capacity of Common "Wells, — It is to India that we must 

look in order to gain an idea of the extent to which wells furnish 
irrigation water. In the Central Provinces 120,000 acres are irrigated 
from wells. In Madras 2,000,000 acres are irrigated from 400,000 
wells. In the North- West Provinces 360,000 acres are irrigated from 
wells. Some of these wells are sunk to depths as great as from 80 to 
100 feet, in some cases through hard rock, and are capable in ordinary 
seasons of irrigating from 1 to 4 acres each. These wells may really 
be said to supplement irrigation from canals and reservoirs, for after the 
waters of the latter have l)een used and have soaked into the soil they 
are caught by the well and used again for irrigation. In this way 
irrigation water may be used over several times ; by pumping it from 
wells it may find its way by seepage back to the streams from which it 
may again be diverted. 

190. Artesian Wells. — Artesian wells are those wells in which, 
when carried down by a boring in a valley to a water-bearing stratum 
enclosed between two impermeable strata, the water rises above the 
surface of the ground, the name being derived from the French province 
of Artois, in which the earlier artesian wells in Europe wei-e bored in 
the twelfth century, though traces of more ancient borinffs have been 
found in Asia and Africa. The overflow of the water from artesian 
wells is due to the confined permeable stratum rising at the side so 
much higher than its level where the boring is made, that the plane of 
saturation is higher than the top of the well ; and, consequently when 
the super-incumbent, impervious stratum is pierced at a lower level, the 
water is forced up the aperture by hydrostatic pressure, Fig. 128. 
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Fig, 128. ArtoBian Well, 
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Deep wells do not always overflow. The condition of overflow 
depends on whether the pressure is sufRciently great to force the water 
above the sui'face in which case they are known as artesian wells. 
Frequently the water will reach within a few feet of the surface when 
an ordinary well or shaft can be excavated and the water pnmped to 
the desired height. In many other oases the pressure is so great that 
the water spouts forth from the well to great heights. In an artesian 
area of considerable extent the various wells seriously influence each 
other. In some districts in North America it has been found that, 
after a certain number of weUs have been sunk, each additional well 
afEects its neighbours by diminishing their discharge. There thus 
comes a point in the sinking of the wells when the number which can 
be utilized in any given area or basin is limited. 

191. Examples of Artesian Wells. — Some great wells have 
been sunk in different parts of the world. The celebrated Grinnel woU 
in Pauris commenced with a 20-inch bore and is gradually reduced to an 
8-inch bore at the bottom. Its depth is 1,806 feet and its yield has been 
as great as 1*5 cubic feet per second. A well has recently been bored 
in West Virginia to the great depth of 4,500 feet but it is dry. At 
Sperenberg, near Berlin^ is a well 4,170 feet deep, and at Schladabach, 
near Leipsic, is a well 5,740 feet in depth. In Louis is a well which 
reaches a depth of 3,850 feet, about 3,o00 feet below sea level. 

In America, where much attention has been paid to the boring of 
artesian weUs, there were in 1890 no less than 8,097 such wells on farms 
in the arid region. Of these, 3,210 were in California, 2,524 in Utah, 
596 in Colorado, and between 460 and 527 respectively in North Dakota 
and iSouth Dakota, and 534 in Texas besides a few in each of the 
remaining states and territories. Of these weUs 48^ per cent, were used 
in irrigating 51,896 acres at the average rate of 13*2 acres per well. 
Their average depth is 210 feet, average cost $245, and average 
discharge 0*12 cubic feet per second. 

WeUs of this kind have been driven at Pondichcrry and have proved 
a success. A trial at Madras proved a failure, while other trials in the 
vicinity of Madras have met with partial success. 

192. Size of Well.— The volume of the well does not necesaarfly 
depend upon its size. A 6-inch well will not necessarily discharge twice 
as much as a 3-inch well — perhaps not as much. The amount of the 
flow depends directly upon the v.olume of the water-bearing strata and 
the pressure due to its initial head or source. Provided that this is 
sufficiently great, then the discharge of the well is dependent on its 
diameter. Other things being equal, a large well will cost more to drill, 
but will bo more easilv and cheaply cleaned and kept in operation than 
a smaller one which is apt to clog. Further, during and after drilling 
an accident may ruin a small well, while a larger one may be reoased 
with diminished bore and still remain serviceable. For purposes of 
irrigation it may be said, generally, that a well less than 4 inches in 
diameter should not be drilled, and it is probable that one with a 
bottom bore greater than 8 inches will not be economical. 

193. lift Irrigation.— There arc lai^e volumes of water situated 
at su(di a low level that gravity will not carry it to the fields, and this 
water must be raised by pumping and other lifting devices. Pumping 
may bo employed to utilize the water from wells or from streams 
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flowing at a lower level than the land to be irrigated or may be 
employed to raise water from low servioe canalB to others at higher level. 
W'hen the gravity sources of supply have been entirely utilized large 
areas of land may still be brought under cultivation by the employment 
of pumps. The value of pumping for irrigation purposes nas been 
recognized in the older European and Asiatic countries for ages, and a 
large proportion of the irrigation in Europe, China, Japan, India and 
Egypt is by means of lifting. In Oriental lands lifting isperfoze^ed 
Inmost wJTinnj^ l^y ftTiiTTifll or man power^ jtb^^^^g^ vajious ancient dfijuces 
opfigafi>d ]oEiefl y by bu llocks or p gen. In Italy a considerable amount of 
pumpi^ is doner "by'machinerypchiefly to raise water from existing 
low-levd canals to high service canals. In America the value of pump- 
ing as a means of irrigation is scarcely yet appreciated. A few wind- 
mills and water-wheels are utilized for this purpose, and a small 
amount of lifting is done by steam power at present, out most American 
Engineers are agreed that the supply to be derived from these modes of 
liftmg is sure to increase greatly in the near future. 

194. Motive Power and Pninps. — ^Pumps are machines for 
elevating water, and consist of two principal parts: (1) The pumping 
or water-elevating mechanism, and (2) the motive power by which this 
is operated. Pumps may be divided into four general classes according 
to the principles on which they raise the water. These are — 
(1) Lift pumps. 
. ' (2) Force or plunger pumps. 

(3) Rotary and centrifugal pumps. 

(4) Mechanical water-elevators. 

Lift and force pumps may be combined and may be either reciprocat- 
ing or rotary, in which latter case they come under class (3). All may 
be single or double acting — 



The motive power may be — 

(1) Animal-power. 

(2) Wind-power. 

(3) Water-power. 



(4) Hot-airy, oil, or gas engines. 

(5) Steam engines. 



195. Choice of Pumping Machines.—- The pump and motive 

power which are to be employed in each particular case depend wholly 
on the services to be performed and on various local modiEying condi- 
tions. The variety of pumps must be chosen according as ffreater or 
less volumes are to be elevated to greater or less heights. The motive 

Sower must be selected according to the pump chosen, the work to be 
one, and the fuel available, be this air, water or wood, coal or oil. 
Where means are limited and the area to bo irrigated is but a few acres, 
the motive power chosen will usually be either animal or water. The 
first is cheapest of installation but least economical, and the second 
is next cheapest, where a sufficient water-supply is available for the 
operation of an ordinary midcurrent undershot wheel or hydraulic ram. 
Where the area is small but the means at the disposal of the irrigator 
less limited, animal power will usually be left out of consideration, and 
the choice rests between wind, water, hot-air, oil or steam pumping- 
engines. If the wind be reasonably steady and the facilities good for 
the construction of a storage tank, tiiat power, though not less expensive 
to install than some others, is least expensive and troublesome to 
maintain and operate, yet not the most reliable. Where ^Qfteufl 



l^QUjdwt, it furnieh ea, t hrouglt rams, watflr-wheela^tn ''^'''"*' "^ ga tp^ ^ 
engineeT^e^xt leaarexpenMve pover to mainttSn and opei:&te tbogg h 
not the oheapest to instalT. The^aas of water-motor wilted will 
(Iepen3~wh6lly~np6h the volume of motive power available and the 
height to vhioh the water is to he raised. Hot-air eagines and oil- 
engiceB ftumiah the meet reliable power for pomping water, and are leea 
dimoolt to operate than ateam enginee. Oil-ongines are eapeciallT 
economioal where ooal or wood as niel are ezpenaire, thongh not^air 
eoginea have a wide adaptability La the Tariety of fuel which they may 
utilize. Steam engiuea, where ooal is cheap, furaish the moBt satis- 
faotorj motive power, but are generallv not so economical to operate, 
espeoiaU; where small areas are to he irrigated. For the pumping of 
large volumes, water and steam are the only competing motive powers. 
The irrigation engineer, who propoaea instamug a pumping plant, 
should consider all the various oircumstanocs which affect the case under 
consideration. He should carefully weigh the ueoessity for having a 

poriT^TimTJ^Tifl nfcoflfly aiippljr^ themacee8Wbility_Qf the plant, fnr rupMi^ 

"^•'^^^I^!^i™^fTit of ^'•"l"'" pavta^ the ' relative cost and, aoceaai bility of 
'^^^"'"J:_-.'!n1n "'^ '^"'^ "'• "T wat^oF^ flitifl thQ df-grm uf intelligence and ^ 
R^tTTwiBapaBfKl by tb"*" 'g^" ft'" ^" t^piTntr'thft machine^ emglojed, 

Tot these reasons, it ia most desirable that CivH Engineers shoiild have 
some knowledge of the principles of pumping machinery although it is 
not necessary that they should understand all details, this being a 
department of mechanical engineering. The makers of pumping 
machinery are certain to know more of the details of auoh machinery 
than moat Civil EngineerB and there is no doubt that the best results 
will be obtained if the Civil Engineer, when drawing up the epeciflcations 
of the machinery reqnire'lLconfineB himself to the [wmp ptl s tylp nf iba 
engine . th£_HiaJi it bp^p fji rfn^ t he duty it is to deve lopc per pound of 
tnej, and the position it is, to occiyKj ami allow the ma^rs to tender f eg: 
the forHiLofeagiiie they_pref ctiojnate— 

196. Mechanical Methods of Irrigation.— The old mechanical 
means employed for liftiiig water from wells, from streanu and from 



Fig. 129. The Peniui TTheel. 
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low-lying dapreBeions, are of varioua kinds ; all of them with BUght 
modificatioDs are to be found both in Africa and in Asia. The Fersian 
wheel, Fig. 129, which is found in various forms in Egypt and in Sindh 
and the Panjah oonsista of a series of earthenware pots revolving on a 
wheel with a horizontal axis ; each pot delivers its contents into a 
tioiuth, and then descends to the water to be filled again. In soma 
cases the earthen jars are attached to endless ropes wMoh revolve on 
the wheel, and sometimes they ore attached to the oironmferenoe of 
the revolving wheel itself. These wheels are generally actuated by 
bnllooks. 
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Fig;. 130. The Mote. 
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Another Bystem wbioh is exteaslT^ iised in India for the lax^r lifts 
*' the mote," Fiffs. 130 and 131. Two bullocks raise a leathern bag. 



Fig. lal. The Mote. 



and by an iagenious bat rough oonf rivanoe the driver by manipulating the 
lower cord, lets the water escape from the lower ond of the bag, when 
the bullocks have reached the end of their run and when the bag is at 
the top of the lift. Occasionally the mote ia worked hy two men^ the 
driver, and another at the well head, who pulls the leathern bucket 
over the trough or channel into which the water runs. 

For smaller lifts of 4 to 10 feet the appliance shown in Fig. 132 
is often used. This arrangement is called a picottah in Southern 
India. It consists essentially of a bucket, which is of leather or iron, as 
the case may be, hung to a beam which can oscillate in a vertical plane : 
the short end of the pole is oounterb&lanccd by a weight, \isually a clod 
of earth, so that the bucket, when full, requires but little force to raise 
it. Id some cases the clod of earth or other weight is replaced by a 
man or men who walk iJong the oscillating beam and thus throw their 
weight to one or the other side according as the bnoket is being lowered 
or raised. The man working this contrivance stands at the ed^ of the 
w«ll and uses his weight to depress the bucket iuto the water, when, 
with hut little force, it rises to the point where the water ia dehver^d^ 
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Fig. 132. The Picottah. 



The basket scoop, Fig. 138, is used for smaller lifts of from 1 to 4 
feet, and the " doon," Fig. 134, is oommoQ in Bengal for lifts of aboat 2 
or 3 feet. The doon ie an osoill&ting trough, usua^j haH the stem of a 
HI tree hollowed out which osoillatee on a fixed oenb« so that one end is 



alternatelj IdepreaBad into the water, and raised above the level of 
delirery ; the vreight of water i« equalised by a counterbalance, bo that 



Fig. IS3. Ths Basket Sooop. 



the man, who stands over the water on a plank, can depress the end of 

the doon into the stream witli his feet, and then, by stepping on to the 

plank and lifting slightly vrith his hands oau dope the trough towards 

. tile point of delivery, and thns enable the water to run into the channel. 



Fig. 134. The Doon, 
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Eizperlnients mado in Central India on these methods of raising 
water gave the following results : — 

Number of oubio 

-w . . • m .11 1 feet of water 

De«<»iption of method nwd. ^^^ ^^^ ^^^ 

hig'h in ten hours. 

Bullock mote with two bullocks and one man . . . . 79,200 

Pioottah with two men • • . . • • . . • • 57,600 

Do. with one man . . . . • • . • . . 33,000 

Basket scoop with two men . . . . . • • • 20,178 



As to the cost of irrigation by these different methods, the depth of 
the water in wells being about 15 feet is as follows : — 
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Cost of irrigating one acre with the mote per crop • . 
Do do. picottah per crop. 

Do. do. basket per crop . • 

Do. do. doon per crop . . 

The irrigation with the basket and doon are probably from lifts of 
from 1 to 4 feet only. The figures given take into account the value 
and life of the material used, and of tho cost of a man's labour. All 
these methods of raising water are more expensive than gravity irriga- 
tion, which in India, costs on an average Bs. 3 per acre ; but, in some 
oases, irrigation from weUs really costs the cultivator little or nothing, 
as he only employs himself and his bullocks at times when there is no 
other work on hand* 

197. Hydraulio Rams.— The hydraulic ram may be used, where 
there is a sufficient fall, for raising by simple means a moderate amount 
of water. The principle on which it works is that a larger volume of 
water with a certain f aU will, under certain conditions, lift a smaller 
volume to a higher level than its own. The amount of water that can 
be raised is one-seventh the quantity used discharged to a height equal 
to five times the fall, one-fourteenth the quantity used raised to ten 
times the height of the fall and so on ; the following table is useful : — 

Percentage of water which will he delivered hy a hydraulic ram under 

various heads and to wirious elevations. 



Work- 
ing 

head. 


Elevation of discharge abo-ve deliveiy Talue at ram. 


15 


18 21 

1 

1 


30 


50 


00, 


<> 

6 

10 

16 

20 


00724 
0-2614 
0-6040 
0-9600 

• « • 


00533 
0*2068 
0*4877 
0*7809 

• ■ • 


0*0102 
0*1686 
0*4058 
0-6548 
0*9086 


00181 
0*1020 
0*2614 
0*4303 
0*6040 


0*0063 
00441 
0*1827 
0-2286 
0*3282 


0*0307 
01020 
0-1800 
0*2614 



High or low falls may be used for rams (18 inches to 10 feet), but 
heads of more than 10 feet are not recommended as the wear and tear 
on the ram is excessive. If any considerable quantity of water is 
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reqaired, saj, 4 oabio feet per minute, a fall of 8 to 10 feet is suitable 
and in such oases two rams working into one delivery pipe should he used 
in plaoe of one. Hydraulic rams should be simply and strongly 
designed; all valves should be of gunmetal and all joints faced. The 
length of the supply pipe should be as short as possible. The largest 
quantity of water is delivered by a ram, when the working head is 
great and the delivery head low. 

198. Other Forms of Motors for Fiimpin|: Water.— In 

not a few cases water-power is used for pumping water m large quanti- 
ties for various purposes. It is evident that, where such power Is 
available, there is n distinct advantage in using it. Tn the first place 

t he machine jCy "'° """"^T a^^f^rY^ nf ^ ^^y^P^^'^*^^ nafi^i-ft t^nA in flin amr^nA 

there is no diffinnlty re garding,fuel as non e is required. Wherever there 
is^^BiraTmall fall, aiid il is necessajy to raise only a comparatively 
small portion of the water, this portion can be raised to a height above 
the top of the fall, the height that it can be raised being inversely as 
the quantity that has to be raised in terms of the whole quantity of 
water. Neglecting friction, the height to which the water can be raised 
is expressed by the formula : 

Where H = the height to which the water can be raised ; 

h = the head of i^ater available for raising it ; 

Q =z the totnl quantity of water 1 . .-r^ „«^^ 4.^ „ 

XI. Ji. i. if ^' J } mtne same terms. 

q = the quantity to be raised J 

This is on the assumption that the pump is placed at the bottom of 
the fall. The quantity of water that can be raised to a given height 
can he found from the following formula, friction again being neglected, 
and the symbols having the same meaning as before : 

Water-wheels of the overshot and breast types have probably been 
more used than any other kinds of motors for pumping water, and they 
have the advantage that, if of considerable size, they revolve slowly, or 
pumps can be connected with them by cranks and connecting rods. 

Of late years turbines have been used to some extent which will 
probably be increased in the near future. The high velocity of most 
forms, however, involves gearing between the spindle and the pump. 
With any of the motors mentioned an efficiency of about two-thirds may 
be expective ; that is to say, the water can be pumped to two-thirds of 
the height got by the first of the two formulse given, or two-thirds the 
quantity of the water obtained by the second formula can be pumped. 

190. lift Pumps. — The Urt-pump is that generally employed for 
raising water from wolis; it has as a feature a hollow bucket through 
which the water, after it has been forced up by the atmosphere during 
the forward state, passes as the bucket returns. Sometimes a forcing 
plunger is combined with a lifting bucket. 

200. Force Fnnips. — Force pumps have a solid bucket or plunger 
or piston which works in a barrel furnished with inlet and outlet valves, 
the water flowing through the inlet valve into the barrel as the plunger 

27 
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leaves a vaoaam behind it. These pumpe may be double or single 
acting, Buoket-and-planger pumps are those in which a forcing 
plunder is fixed above the backet on tiie same rod, so that while there 
18 oiuj a single-action suction there is a double forcing or delivery. 

201. Centrifdeal Pomps.—- This is a class of pump difEering 
much from any of those just aescribed. Pumping is performed by a 
rotating disc with radiating blades (bent to an efEective curve) working 
inside a casing at a high speed. The high speed causes a vacuum and 
the water follows by pressure of the atmosphere to be once more displaced 
and thus passed into the delivery pipe. These pumps are suitable 
where large quantities of water have to be dealt with in a short time and 
where the lift is comparatively low ; they can be made to lift and force 
a total of 80 or 100 feet or more ; they are probably most economical 
when the lift is below 20 feet. These pumps may be driven by anv 
rotative engine, or through gearing, or by an engine whose crank shaft 
is an extension of the pump spindle. Well-made centrifugal pumps 
under effective conditions give an efficiency which is often as high as 
seventy per cent. The quantity of water delivered by centrifugal 

{>umps of various sizes and various lifts may be ascertained from the 
oUowing table, in which the powers given are for discharging the 
minimum quantities when working average lifts : — 

Centrifugal Pumps. Table of deliveries with approxivuUe horse powers. 



Bore of pamp and dia- 
meter of suction and 
discharge pipes, 

QaUons of water dis- 
charged per minute. 

Approximate nominal 
horse power required 
for each foot of lift. 


4' 

200 

to 

300 

008 


5* 

350 

to 

500 

015 


500 

to 

750 

0*25 


1" 

700 

to 

1,000 

0-30 


8* 

900 

to 

1,300 

0-35 


1,150 
to 

i,eoo 

0-45 


10* 

1,000 

to 
2,200 

006 


12* 

2,000 

to 
8,000 

0-90 


Bore of pump and dia- 
meter of suction and 
discharge pipes. 

GaUons of water dis- 
charged per minute. 

Approximate nominal 
horse power required 
for each foot of lift. 


14* 

2,800 

to 
4,000 

1-2 


15' 

3,000 

to 
5,500 

1-8 


16* 

3,50C 

6,30( 

1-5 


) 

) 


11 
t 


8* 

500 
300 
1-8 




20* 

6,000 

to 
8,200 

2-0 


22* 

7,000 

to 
10,000 

30 


24* 

8,50C 

to 
12,000 

30 



202. Folsometer Pninps. — Another class of pump is the pulso- 
meter. This consists of two chambers, steam being admitted to one of 
them forces up the water within it. The steam becoming condensed 
forms a vacuum into which the water from below ascends, while the 
upward forcing process is being performed in the second chamber, and 
thus by a succession of pulsations pumping is continuous. Pumps of 
this class are useful for many purposes with water works, as wiui so 
many branches of engineering, especially for temporary work or where 
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it is aeoessary frequently to change the position of the saotion pipe, or 
even of the pump ; but they are not to be recommended for constont 
work. They cannot lift more than 25 feet, but, with high steam 
pressure, they can force a considerable height. They moreover consume 
a large quantity of fuel in proportion to the work done. 

203. Length of Suction Pipes. — ^Theoretically a pump can 
lift, or rather the atmosphere will balance, a column of water 34 feet 
high, but in practice very much less owing to imperfect vacuum. With 
very perfect construction and care, pumps may be made to draw 26 or 
even 28 feet, but it is always advisable to place the pump as near the water 
level as possible. It will of course be understood that when length of 
suction, or height of suction, is mentioned here, vertical heieht is referred 
to. Le ngth horizontall y is n ot, jifiaclyi go detrimental, but it is to be 
avoided li poss ible^ as it m.creaafifiibe wei ght of wa ter t^ftt has to_bojBfit. 
in m otion and_8topped^t.Mer>LfilaiJai^ or that, at any rate, has to have 
lis velocity augmented and retarded. Especially when the vertical 
limit is nearly reached, every foot of horizontal length increases the 
trouble. For this reason pumping wells should, whenever possible, be 
immediately below the pumps. It is to be observed that the suction 
is to be measured from the surface of the water to be pumped, to the 
highent poin t of the inside of the pum p>barrcl, whether this be horizontal 

or vertical. 

•~— - > 

204. Steam Engines. — Steam engines for working pumps may 
be divided into direct and crank-shaft with fly-wheel engines. In direct* 
engines the piston-rod of the engine and the piston-rod of the pump, or 
the plunger, are continuous, and there is no crank-shaft or fly-wheel. 
Direct-engines are generally quite self-acting, and for this reason are 
very convenient. Up to their limit of capacity they pump just whatever 
quantity of water is demanded of thom, and they have the further 
advantage of being compact. They are very uneconomical, simply 

Eushing the water without any expansion of steam. Of late years, 
owever, direct-engines have been fipreatly improved in the matter of 
economy, firstly by " compounding and afterwards by the introduc- 
tion of '^ high-duty gear." It is daimed for some of the most modem 
direct-engines, with high-duty gear, that they give the same or even 
higher duty as a fly-wheel engine of good design working at the same 
pressure. 

The advantage of the crank-shaft form of en&:ine is, of course, that 
the steam may be worked expansively. The disadvantage is to be 
found in the space occupied. A crank-shaft engine has nearly always 
at least two cylinders. With two pumps as well as two cylinders, as is 
commonly the case in all kinds of two cylinder engines, the delivery 
of the water is much more uniform ; but there is a great advantage in 
what is known as the ''three-throw" engine— that is to say, one in 
which there are three cylinders, each working a pump, preferably double 
acting, with three cranks at 180°. The delivery of water from such an 
engine is as nearly uniform as possible. Steam-pumping engines may 
also bo divided into condensing and non-condensing engines. They are 
alao further divided into simple, compound, triple expansion and 
quadruple expansion. The object of compounding is to permit of the 
use of a greater expansion of steam than can be utilized in the case of 
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simple engines, without ezoessive strain on the working parts and the 
framing or bed-plate. 

206. Oil Engines. — ^For the purpose of well irrigation in India the 
oil-engine is eminently suitable^ as for small powers, suoh as required by 
individual cultivators, it is much superior to the steam-engine. Being 
an internal oumbustion engine, and using oil or liquid fuel instead of 
steam as a motive power ; this fuel being fed direct into the cylinder 
of the engine, the boiler necessary for a steam-engine is done away 
with. The oil-en^ne can also be started and be in full work in ten 
minutes ; whereas m the steam-engine, the time necessary to heat up 
the water in the boiler until the required pressure is attained has to be 
spent before the engine will commence to work. The oil-engine has 
the advantage also of being more easily understood by the unskilled 
labourer, than is the steam-engine. The cost of working in the Madras 
Presidency according to Mr. Chatterton is about the same as for the 
steam-engine, if the oil-engine uses kerosine oil, but this cost can be 
reduced in the proportion of about eight to three by substituting li(]uid 
fuel for kerosine oil. The above comparison is drawn for an oilengine 
of the ordinary type using about *8 lb of oil per horse-power hour : but 
oil-engines are now made using as low as * 5 lb of liquid fuel per horse- 

1 sower hour. The initial cost of installing one of tnese oil-engines is 
ess than that of the steam-engine, except in the case of the Deisel engine 
when the amounts are about equal. Taking into consideration the 
lesser initial cost, the less time occupied in starting, the smaller cost 
of working when using liquid fuel, the less attention required when 
working, and the lesser likelihood of going wrong or breaking down 
in the hands of unskilled labourers, and considering that the oil- 
engine can be connected to all sorts of pumps with the same facility as 
the steam-engine ; the oil-engine appears to oe the form of motor most 
suited to the requirements of the Indian cultivator. 
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CHAPTER XIII. 

WATER-SUPPLY OF TOWNS. 

206. Quality of Water.— There are two things that have to be 
taken into consideration before a source of water is decided on for a town 
snpplj ; one is the qnalitj of the water, the other is quantitj. Every 
one knows that the quality of different waters varies greatly ; that some 
are pleasant to the taste and smell, and that some are not ; and, what is 
far more important, that some are perfectly wholesome, while others are 
liable to produce ill-health when habitually used, or even to spread 
epidemic diseases ; that some are good for washing and others are not ; 
that some are inferior to others for cooking and so on. It is necepsary, 
therefore, for an engineer who is to report on a proposed source of water 
to have some knowledge of the cause of the difference in the qualities of 
water, although he need not have any deep knowledge of chemistry, far 
less be able to analyse the water himself. He will find it much more 
convenient, if he wants an opinion on water, to hand a sample to a 
professional chemist, getting, if possible, the latter's opinion on the 
results of both a chemical and a biological examination. 

307. Taking Samples of Water.— If possible the chemist 
should draw his own samples of water, but this is often inconvenient. 
For this reason a word or two on the collection of samples may not be 
out of place here. Each sample should consist of about half a gallon, 
and should be collected in a clear glass bottle with a glass stopper. 
The bottle must be made scrupulously clean, and, before it is filled, it 
should be rinsed out two or three times with the water to be collected. 
Care should be taken not to stir up any mud on the banks of a stream, 
and^ if the proposed source is a large river or lake, the water should be 
collected at some distance from the bank, from a boat, or in the case of 
a river, from a bridge, if possible. The mouth of the bottle should be 
entirely submerged while the water is being collected. The stopper 
should not be fastened down wilh any cementing material but merely 
tied with string. The sample of water should oe handed over to the 
analyst as soon as possible after collection, as changes are liable to take 
place. If it has to be kept for any length of time, it should be kept in 
a cool place away from strong light. 

208. Ptlriflcation of Water.— Water is very liable to contain 
impurities both in suspension and in solution, composed of inoi^anio 
and organic matters. The heavier particles carried along by the current 
readily settle when brought to rest in a settling tank, or in an impound- 
ing reservoir ; whilst the finer and floating matter, with the exception, 
in some cases, of organic matter in an extremely fine state of division, 
can be removed from the water by straining it through fine wire gauze 
and by filtration. Caldum bicarbonate, generally found in solution 
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in spring and river Vaterti is easily removable ; and other inorganic 
salts nsually existing in solution in mnch smaller quantities, which 
cannot be separated by any practical process, are harmless ; but organic 
matter in a very fine state, or in solution, is difficult to deal with, and 
being very objectionable even in minute quantities, has led to speciaJ 
care bein^ exercised in the selection of sources of supply, to avoid its 
introduction into the water as far as possible. Water collected in a 
reservoir from a hilly uninhabited watershed, spring water, and water 
from deep wells are usually adequately free from organic impurities ; 
but river water, which sometimes constitutes the only available source 
of supply for towns situated in flat, alluvial plains, generally contains 
some organic matter. 

209. Filtration.^— It is the general practice to pass water destined 
for domeetic supply, through filter-beds before discharging it into the 
service reservoirs, thereby removing the fine, light particles which do 
not separate by subsidence. This process of parification, which is 
essential for rendering most river waters suitable for supplying towns 
(more especially in unfavourable instances, such, for example, as the 
turbid river Hooghli, affording the only available supply for Calcutta), 
is usually advisable even for the comparatively pure waters collected in 
impounding reservoirs, owing to the possibility of their contamination at 
some point of their course, from the reservoir to the town, and the 
greater liability of the purest waters to be afifected by pollution than 
waters already impregnated with mineral salts. 

Before entering on a description of filter beds, it may be advisable 
to enunciate the principles upon which filtration depends. For a long 
time it was considered that the process of filtration consisted in passing 
the liquid through some porous substance, the interstices of which were 
too small to allow of the passage of the solid particles, the principle of 
the action being the same as that of a sieve, or in other words, as an 
entirely mechanical operation, for sifting out matters in suspension, 
the result usually being tested by the aid of the eye. Subsequently 
chemical analysis was resorted to, and this resulted in the reduction of 
the speed of filtration which is now generallv 4 or 6 inches in depth of 
water per hour. The application of bacteriology to the testing of water 
gave, however, a clearer conception of the changes to which water is sub- 
jected in passing through sand filters and showed that, for the water from 
each particular source, there is a rate of filtration particularly appli- 
cable. If the sand of filters is of a fairly uniform graiu, the volume of the 
interstices is about 33 per cent. Water abounds with micro-organisms 
and in some waters the bacteria of cholera, typhus, or tuberculosis may 
be present. It is therefore desirable to remove as many bacteria as 
possible before the water is available for domestic supply. 

Band, when closely packed, has interstices between the grains of 
iVth of millimeti-e (0*00393 of an inch), whereas bacteria are of a size 
of from ^^th to yj^th of a millimetre (0000065 to 000196 of an 
inch), 30 that they can easily pass through the channels among the sand 
grains. The longer the channels the slower the rate, and the greater 
the diances of arrestment, but economic considerations limit the depth 
of sand and flow of water so that the former is limited to from 2 to 8 feet 
and the latter to 4 inches per hour. Under such conditions sand filters 
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arrest the bacteria aa shown by the f ollowiiig analysb of 1 kilogram of 
sand by Koch's process : — 

Colonies of bacteria 

capable of farther 

development. 

MILLIONS. 

At the surface 734 

At 4'' below the surface.. 190 

At8"^^ „ „ .. 150 

At24" „ „ 60 

The grains of sand examined were moreover found to be covered 
with a thin skin consbtting in part of bacteria. The sand referred 
to had been some ten years in use, and it was thought that clean 
sand would give better results. Sand titration is therefore a biological 
process. 

210. Quantity of Water required per Head.— The volume 

of water required for supplying any town or district is usually rec- 
koned in gallons per head per day of 24 hours, so that, having 
determined the quantity to be supplied per head, it is only necessary to 
multiply it by the popidation to be supplied in order to obtain the daily 
volume which has to be provided ; whilst the future probable increase 
in the demand which has to be token into consideration in selecting a 
source of supply depends upon the estimated growth of population 
during the period to be provided for in the scheme. The estimated 
supply per head, of course, varies with the habits of the people, and 
not only deals with purely domestic supply but also includes the water- 
ing of streets and roads, flushing the sewers and drains^ water for stables 
and gardens, and special supplies for trade. and manufacturing pur- 
poses, fountains and extinguishing fires, mainly determined by special 
conditions of each locality. 

The actual consumption in different towns exhibits a very wide 
range depending not only upon the various requirements given above 
but also on the care taken in the administration and control of waste. 
Under these circumstances it is very difficult to estimate the quantity 
actually needed in dwelling houses and although attempts have been 
and are being made to estimate this quantity it is generally conceded 
that it is better to make use of past practice than, to depend on such 
estimates. 

Mr. J. A. Jones, the late Sanitary Engineer to the Madras G^ovem- 
ment, was of opinion that the amount of water supplied per head in 
Indian towns bore but a very small proportion to the amount used in 
England, and in his Manual of Hygiene, Sanitation and Sanitary 
Engineering ho states that he is inclined to think that, though allowing 
for waste the amounts do not usually exceed 9 to 10 gallons per head, 
these figures are due (1) to imperfect distribution, (2) to a conMnued 
use of wells from which supplies had been obtained previous to the 
introduction of a pipe supply, (3) to prejudices against the use of pipe 
water. Finally he considers that \ 5 gallons per head per diem (allow- 
ing for increase in population) is none too ample, a supply. 

211. Variation of Demand.— The quantity determined as 
required per head is, of course, to be understood as being the mean 
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daily oonsumption during the whole year, but this oonsnmption is by 
no means uniform. As is natural more water is consumed in hot 
weather than in cold. Then again, there is, of ooorse, a great variation 
in the quantity of wat^r used auring the different parts of the twenty- 
four hours. Domestic consamption falls to nearly zero during some 
hours of the night, and is much above the mean during some hours of 
the day. Commonly the maximum consumption for any one whole 
month may rise to 10 or 20 per cent, above the mean monthly con- 
sumption taken for the whole year, and in some cases it may rise 
higher especially in India where local festivals are often attended by 
thousands of persons. Again during intensely hot and dry weather, 
the oonsumption may, for a few days, rise to 50 per cent, above the 
mean, and it is therefore necessary to provide for these contingencies 
in any scheme of water-supply. 

In the Sanitary Engineers Department of the Madras Presidency it 
has been the practice to consider that one-half the total supply is used 
between 6 a.m. and 9 a.m. and 3 p.m. and 6 p.m., or in six hours. 
Some engineers consider eight hours as applicable to Indian conditions. 
It is, however, believed that the higher figure of demand is the one 
whioh should be adopted, especially in pumping schemes, because if 
the demand is less than anticipated, the cost of pumping will be reduced ; 
whereas if an error is made in the other direction, the cost of pumping 
will be increased, and as this charge is a continuous one, the error may 
turn out to be very expensive. 

212. Intermittent and Constant Supply. — Fonnerly, with the 

object of preventing waste, a cistern in each liouse adopted to its size 
was filled with water from the main, by turning on the water for a short 

f)eriod once or twice a day ; and by this means the consumption was 
imited to the contents of the cistern between the periods of turning 
on the water ; and the supply to be provided could be very closely esti- 
mated, and was only required at fixed periods. These open cisterns, 
however, were exposed to various sources of contamination, and were 
rarely cleaned out, and moreover water might not be available in case of 
emergency. Accordingly, though the old system is still iu existence 
in several places, the constant system of supply is being generally 
adopted. 

A constant supply is obtained by drawing the water through the 
service pipe direct from the main, so that the water is alwajs obtainable 
fresh without being exposed to any pollution, and to any extent required. 

In India where, as a rule, the pumps discharge directly into the 
mains (without the intervention of a service reservoir), the demand 
between 8 p.m. and 5 a.m. is sometimes too small to warrant pumping 
during that interval, and where there is a long and large main outside 
the town, falling towards it and holding a large supply of water, there 
is not much objection to this plan ; otherwise, it is better to keep the 
pumps working, so that foul air, &c., may not be drawn into the pipes. 

213. Classification of Water works. — Water-works are gener- 
ally classified into gravitation works and pumping works. Under 
certain circumstances a town may receive its supply oy a combination 
of both, fn any system the following works will usually be necessary 
(I) a settling reservoir, (2) filter beds, (3) a service reservoir near the 
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town and (4) a distribution system. In a pumping system it will of 
cours€ be neoessary to add to the above, one oi* more pumping stations 
at the points where the water has to be lifted, and, if the water is 
pumped directly into the mains, the service reservoir will be omitted. 

214. Settling Reservoirs. — When there is no imjpounding 
reservoir, and the water of a stream is liable to be turbid at tmies, it is 
generally advisable to have one or more settling reservoirs. These are 
simply reservoirs of moderate size, which can be emptied occasionally 
for cleaning, and which hold the water long enough to allow the grosser 
particles of suspended matter to settle. Since the object of settling 
reservoirs is really to spare fatigue to the filters, their area and number 
will of course depend principally on the state of the water when admit- 
ted to tliem. Water may hold in suspension very large quantities of 
matter ; if this is of a heavy description the deposit will take place 
much more quickly than with material or matter of a lighter class. 
The proper area of a subsiding reservoir must, therefore, be determined 
with reference to the amount and specific gravity of the matter in 
suspension. Th6 time taken to deposit such matters must be ascertained 
from experiment or by experience. 

Settltment may be conducted either on the constant or alternating 
system. In the case of constant settlement water is continually flowing 
iuto H reservoir at one end, while it as constantly flows out at the other, 
the reservoir in fact being a canal with a very low velocity. In the 
alternating system two or more reservoirs arc necessary, water being 
drawn off from one while it is admitted to another. The depth of 
settling reservoirs is from 8 to 15 feet; it is not always possible to 
arrange the levels of the filter-bods, so that the water can be drawn down 
to within a few feet of the bottom of the settling reservoirs. If it is 
possible to draw down only a few feet below the maximum water level, 
pumps should be provided for emptying. The two or three feet at the 
bottom are. drawn off* and run to waste only when the reservoir has to be 
cleaned out. 

216. Design of Settling Reservoirs.— The best form for a 

settling reservoir is u rectangle with the length several times the breadth, 
and, where this can be divided, so that the water travels this length 
several times over, that form is still more efficient. Fig. 135. In 




7ig^. 135. Design of Sottling Reservoir. 
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oonstraotion a circular form ih the most eoouomioal, a aqaare more 
80 than a rectangle, but with two reservoirs close together this latter 
form for the outer bouudarj of two adjacent reservoirs can be advan- 
tageously adopted. In section the reservoir may have slopes of 2 to 1 
or 3 to 1, and should be revetted, or lined with such material as will 
admit of the banks being cleaned. The floor should have a slope of 1 
in 200 towards a drain for which a slope of 1 in 300 is sufficient. 

216. Position of Inlets and Oatlets. — The selection of the 

proper position for inlets and outlets of settling reservoirs needs 
attention. There are foor relative positions — 

(1) Both inlet and outlet at top of reservoir. Fig. 136. 
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Fig. 136« Position of Inlets and Oatluts. 



(2) Both inlet and outlet at bottom of reservoir. Fig. 137. 
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Fig. 137. Position of Inlets and Oatlets. 



(^) Inlet at top and outlet at bottom. Fig*. 138. 
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Fig . 138. Position of Inlets and Ontl«ls. 
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(4) Inlet at bottom and outlet at top. Fig. 1S9. 



F^. ise. PotiUona of hiloti trad Ootlet*. 

The best position is (4) because if tlie entering water is colder than 
that already in the reservoir, it will incline to remain at the bottom 
and force up tbe purer water, if it bo warmer it will try to rise and 
take a more direct course to the outlet, but, having to pass through 
a larger body of water in this ease, its temperature wm soon be assimi- 
lated and that tendency cease. It is evident, however, in this case that, 
if the alternating system be adopted, a modiHoaticn must bo 
introduced sinee the water could only be drawn down for a very short 
distanoe from the top ; a stand-pipe with valves at different levels or a 
floating pipe must he used. 

The form of the iolet should be that of a bell-mouth, so that the 
entering water may have the least possible tendency to cause currents by 
its velocity merely, and the bell-mouth may with advantage turn up- 
wards. A drain-pipe or sooaring-pipe, and, in the case of any danger 
of over-filling, an overflow-pipe are necessary adjuncts of settling 
reservoirB. 

217. Filter Beds. — Filter-beds are placed in shallow reservoirs, 
uBuidly lined with brickwork, from the bottom of which drains lead the 
water to the purewator tank, from which the water is conveyed to the 
service reservoir. The fUtoring materials arc laid in sucoeaaive horizontal 
layers over the fioor of the reservoir : and the top layer consists of sharp 
sand, whioh oonstitatea the actual iiltering material. Below this sand 
comes a layer of coarse sand or fine gravel, ihen a layer of ooarae gravel, 
and, lastly, about a foot of rubble at the bottom, or sometimes bricks 
laid loose and dry or tile drains. 

The floor of a filter bed may be made to slope a little — say, 1 iu 
100 to 1 in 200, but this is by no means necessary as it is the hydrostatic 
pressure of the filtering head that forces the water along the drains. 
The drains unless discharging into an open channel must be ventilated, 
and these ventilators shoatd be carried to ground Isvcl. The sides of a 
filter bed may be vertical or sloping. With sloping sides the mean area 
of the sand bed is the area ol the filter to be considered in relation to 
the flow and in the determination of the size of the bed. 

When filtering plant is first started, it is genendly necessary to fill 
the filters cautiously from the upper side with uufiltered water, but 
once filtration has started, the beds should be filled from below with 
filtered water. There are several devices for regulating the filtering 

Zed of filter-beds accurately, some of which also provide for filliog 
filter from below. One of these shown in Figs. 140 and 141. It 



Figs. 140 and 141. Filtor Bedi. 
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is extremely aimple. It eonsistii merely of a sluice, s, that can be 
lowered so as to ftUow the water to flow over ita top- By adjusting it 
from time to time, so as to keep the deptli of water orer its top 
oonHtant, the flow of water remains conBtant, After tho water has 
been drained o£F, and the filter has been cleaned, it may be filled np 
from below by entirely lowering the sluice when the water will bacK 
up the gathering drain from the eonduit to the olear-watcr well, the 
water of course coming from the other filters. 

218. Drainage Arrangements.— There is no difficulty in 
efficiently draining away the filtered water. Tho method commonly 
adopted, namely, that of filling the bottom of tho filter with bonldera, 
above which is broken stone, then gravel and then tho sand and water 
is quite eflScient, but the real requisite ie an efficient method in itself in 
expensive and taking up the least possible depth. These requirements 
are met in the following two methods in which a bed of gravel, 
supporting the sand, is under-drained, in the one case by a set of drains, 
in the other by a cellular brick false floor laid on the real floor. In the 
former case the drains of whatever section will most naturally take the 
form shown in fig, 142, that is to say, a main drain down the centre 
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Fig. 142. Drainage turangemeut of the Vilter Bed. 

of the filter-bed, with branches running into it at right angles from either 
side. The diains are sometimes made of brick, as ^own in Fig. 143, 



Fig. 148, jLrrR«gemeDt of Brick Dr&ina. 

bnt stone-ware pipes, such as are used for house drainage, are to be 
preferred. Whatever form of branch drain be adopted, Sicre must be 
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at lenglL 6 inches of gravel over the top of it. Tbe cellular briok floor 
is most certainly the beet method for draining a fitter bed. The 
arraogement of tbebrieks is shown in Figs. 144 and 145. This method 
has the following odvantagos : (1) it gives perfeotly uniform drainage 
over the whole of the filter-bed ; (2) it takes up the least vertical spaee 
possible ; and (3) it forme an arrangement most easily taken up for 
cleaning. 



Fig. in. Aimng^meEt of Briok Drainn. 



Fit;. 154. Arrangement of Briok Drum. 

219. Filter Head. — It should be noted that it is not an unusual 
error to suppose that tho depth of water over the sand adeots the rate of 
filtration ; that rate depends upon the ' head ' or differenee of water level 
inside and outside the filter, and not on the depth of water over the sand 
Fig. 143- Some persons aUo consider that the latter depth has oonsider- 



Fig. 116. Filter Head. 

able effect on tho temperature of the water ; this however is not so | for 
instance, if filtration is proceeding at the rate of 4 inches per hour or 
tt feet per day and there is only one foot of water on the sand it will be 
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exposed to the sun for 3 hourB ; if there be 3 feet of water there will be 
three times the quantity to be treated, but it will be exposed for 9 hours. 
It is evident therefore that, unless the depth can be made such that the 
rays of the sun oannot penetrate the lower layers, there is not muoh 
advantage in having a great depth. Engineers generally favour a depth 
of about 3 feet. 

220. Bate of Filtering Speed Allowable.— By ^'filtering 

Speed'* is meant the velocity with which the whole of the water in a 
filter-bed approaches the sand in a vertical direction. This velocity, 
multiplied by the area of the sand surface, gives the quantity filtered. 
Dr. Koch, it is believed, came to the conclusion that the filtering speed 
should not exceed 7f feet in 24 hours ; but there is still a considerable 
variation in practice. In London it has been found that a flow of 2^ to 3 
gallons of water an hour for each square foot of area of filter-bed, has 
proved efficient for the purification of river water from the Thames, 
thus necessitating the provision of 16,500 to 14,000 square feet of filter- 
bed for each million gallons per day of supply. From this the size and 
number of filter-beds can be determined. 

221. Area and Number of Filter Beds.- To provide for clean- 
ing, one filter-bed, at least, must always be out of action and the filtering 
area required must be divided among two or more independent beds and 
then one additional bed must be provided as a surplus. The greater 
the number of equal divisions the less will be the surplus area to be 
provided, but, on the other hand, each division adds to the cost so that 
both convenience and finance are factors in controlling the design. Tlie 
division may be approximately as follows : — 



Fopula* 
tion. 



^ n^ - Gallons per Cubic feet 



' 1,^ „ uaiionBj 



per diem. 



Aotnal filter area 
required. 



Suggested number 
and size of filters. 



5,000 
7,500 
10,(>00 
15,000. 
20,000. 
30,000 
40,000 
50,000 



7-5 
100 
15-0 

7-5 
100 
15-0 

7-5 
10-0 
150 

7-5 
10-0 
160 

7-5 
10-0 
150 

7-5 
100 
150 
7-5 
100 
150 

7-6 
100 
15-0 



37,500 

50,000 

75,000 

56,250 

75,000 

112,500 

75,000 

100,000 

150,0(0 

112,500 

150,000 

225.000 

150,000 

200,000 

300,000 

225,000 

300,000 

450,000 

300,000 

400,000 

600,000 

375,000 

500,000 

750,000 



6,000 
8,000 
12,000 
9,000 
12,000 
18,000 
12,000 
16,000 
24,000 
18,000 
24,000 
36,000 
24,000 
32,000 
48,000 
36,000 
48,000 
72,000 
48,000 
64,000 
96,000 
60,000 
80,000 
120,000 



sq 



YDS. 

84 
111 
166 
125 
166 
250 
166' 
222 
333 
250 
3€3 
500 
333 
444 
660 
600 
666 

1,000 
666 
8«8 

1,332 
840 

1,111 

1,666 



aq 



FKXT. 

756 
999 
1,494 
1,126 
1,494 
2,260 
1,494 
1,998 
2,997 
2,250 
2,997 
4,500 
2,997 
3,996 
5,994 
4,600 
5,994 
9,000 
5,904 
7,992 

11,988 
7,560 
9,999 

14,994 



NO. 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



8IZK. 

20 X 20 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



22 
28 
24 
28 
34 
28 
32 
38 
34 
38 
38 
38 
37 
45 
38 
45 
55 
45 
50 
65 
50 
58 
70 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



22 
28 
24 
28 
34 
28 
32 
33 
34 
38 
38 
38 
37 
45 
38 
45 
56 
45 
50 
65 
60 
58 
70 
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222. The Sand Bed.— First, as to the sand itself. The very finest 
sand is not the best. The coarseness should be such that the separate 
grains are visible to the naked e^e, and the sand should be fairly uniform 
in grain and sharp. Of course it should be clean, but if dirty only in the 
ordinary sense of the word when found, it is sufiBoient to wash it. The 
tliickness given to the sand bed varies with different Engineers, but for 
various reasons, it would appear to be undesirable to have it less than 2^ 
feet and 3 feet may be said to be about the standard thickness. When 
a filter has been in action for some time the organic matter coUeoted on 
the sand surface may die and in hot weather putrefy. It is a sign of 
advanced putrefaction when spongy matter floats on the surface of the 
water of fiJters, and it is then time to stop the filter and clean it. This 
is done by allowing the water to run away by the scour-pipes ; after the 
water has been drawn down to a level of one foot below the surface of 
the saud, a sheet of sand of about half an inch in thickness should be 
removed. After removing the upper layer of sand it is advisable to stir 
up and loosen, with a fork or other pronged instrument^ a depth of about 
8 inches of the upper surface of the sand, and then to allow it to remain 
exposed to the atmosphere for some time. To replace the thin layer ol 
sand removed at every single cleaning of this kind would involve too 
much labour ; and it is customary to allow a foot or so of the thickness 
of the sand to be thus removed in parings bflfore it is replaced. 

Occasionally clean sand is so near at hand, and so readily and 
cheaply got, that the dirty sand may be thrown away altogether ; but this 
is seldom the case, as, even if sand is as cheap as may bo, it is seldom in 
such a condition that it is not improvable by washing and it takes little 
or no more trouble to wash the sand that has already been used than to 
wash new sand. Various contrivances have been invented for washing 
sand. One of the most popular is illustrated in Fig. 147. Dirty sand 
is shovelled into the upper part of this contrivance, water is turned on 
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Fig. 147. Apparatus for washing sand. 
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from below, and is allowed to flow till that leaviiig the upjier receptacle, 
ut first thoroughly dirty, beoomea quite olear, when the now purified 
sand iaremuved, and another lot treated. In Fig;. 148 is shown a 
sund^wasfaing apparatus known as " Walker's patent " the Ttatcr being 




infroduced from below by rubber pipes, c, connpcted with a main, and, 
during the woahing escapes by the spout, Ji. The rubber permits of the 
tipping I'f the vteeel without making any disoonnection at the main. 
W hen the water comes off clear it is an indication that the sand is clean, 
and the vesBcl ia tipped over ia the direction A, the sand being received 




Vii US. "d-'anul" saod wmlicr in plan ind BPcKona. 
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in a barrow or truck. These vessels are generally placed in '* batteries *' 
of snob number as required. A third plan is to construct a narrow 
shallow. canal as illustrated in Fig. 149. Water is allowed to flow 
oontinuousl J in at the end A and out at the end J?, whilst dirty sand is 
continuously introduced at the outlet end and raked towards the inlet 
end. The rate of How and rakhig of the sand should be so regulated 
that no sand is washed out at the end B and that no visible dirt is 
washed out of the sand for several feet before it reaches the end A where 
it is removed. A canal 30 feet long is sufficient for population up to 
100,000. The water used for washing sand must, of course, be filtered 
water. Filter-beds, besides the ordmary cleansing described above, 
should at intervals, varying from six months to several years, according 
to the nature of the water, oe emptied out and the whole of the materials 
constituting tho filter-bed, right down to floor level, should be removed 
and thoroughly cleaned. 

223. Other Systems of Purification. — There are systems of 

purification other than that of filtration referred to above, one of 
the chief systems being purification by what are known as revolv- 
ing purifiers. These are large cylinders which are caused to revolve 
and are partly filled with spongy iron, or, preferably with cast iron 
borings. The water is introduced into the cylinders at one end and 
drawn off at the other after a contact of about 3^ minutes with the iron. 
It is stated that impure waters treated by these means will be found 
safer for dietetic purposes than even good deep well or spring water ; 
because after treatment the water can be preserved in covered reser- 
voirs, where as wells or springs may become contaminated. 

224. Service Reservoirs.-— The chief object of service reservoirs 
is to hold a reserve of water, so that they may compensate for the 
difference between the demand and supply. The size of the reser- 
voir must be fixed by the relation between the mayimum demand 
and the average supply. If we take it for granted that one-half 
the supply is required in six hours (from 6 a.m. to 9 a.m. and 
from 3 P.M. to 6 p.m.), we see that the demand is at times double 
the average. As in 6 hours only one quarter the supply would be 
received in the reservoir while one-half is demanded, it is evident 
that the reservoir must hold at least a quantity equal to one-fourth the 
average daily demand. It is desirable, however, to make it hold one- 
third and in some cases reservoirs have been designed to hold as much 
as two or three, and even more, days supply. There are advantages in 
having large storage capacity for storing clean water and particularly 
so in pumping systems, but the modern tendency is to do with the 
smallest size of storage reservoir that is compatible with efficiency. 
Service reservoirs are always, or nearly always, made with sides vertical 
or having a very slight internal batter. The bottom, as with 
settling reservoirs, may have a slight slope towards a cleaning drain, 
fhese reservoirs should be covered because of liability to be fouled 
by birds dropping matter into them, and in order to keep the 
water cool. The best form of roof is in most cases that of a series 
of brick or concrete arches supported on piers or columns and the 
arches should be covered with two or three feet of earth. Such a roof 
is practically impervious to boat, and forms an effectual covering. 
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226. Position of SettUnjg; and Other BeBeryoirB.— The 

best position for settling leservoirs, filter beds and service reservoirs 
requires notice ; as a rnle they should be as near the population to be 
supplied as possible; one reason is that the conduit between the 
source of supply and the reservoir requires to be of such capacity as 
will carry only the average hourly supply, whereas all pipes between 
the service reservoir and the town must be of sufficient size to dis- 
charge the maximum) or double the hourly, demand. This position 
cannot always be maintained, owing to a certain head on the pipes 
through the town being necessary, and these works may be required 
to be placed near the source at some intermediate position between 
it and the town. It may, in some cases, be advantageous to place 
the settling tanks and filter-beds near the source of supply and the 
service reservoir at an intermediate point. A study of the relative levels 
of the source of supply, of the town area, and of the intermediate 
ground will determine what the most economical arrangement will be. 
To prevent service or other reservoirs being filled above a fixed level, 
they should be furnished with self-closing valves or overflow pipes 
or both ; the former are desirable when an economical use of water is 
a necessity. 

226. Distribution Systems.-— There are two systems of distri- 
bution which are applicable to India, the " dead-end " and the inter- 
lacing or " grid-iron " system. The two systems may, however, be 
combined. Figs. 150 and 151, 
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9igp. 150. DiBtribution lyttem. 
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Fig. 161. Distribution tjttem. 



In the dead-end system the water, once it has left the main, 
cannot return again, ana, if not drawn off the water must remain m the 
pipes and become stagnant and deteriorate in quality. This can be 
partly overcome by occasionally flushing out the pipes by hydrants or 
scour-yalves at the dead-ends, but this involves waste of water and 
needs careful supervision to see that the precaution is not neglected. 
This system has the advantage of lending itself to an easy determina* 
tion of the proper sizes of the pipes and also of requiring a lesser 
number of valves than the grid-iron system ; but it has this disadvan- 
tage that the water is supplied from one direction only, and that therefore 
when anything goes wrong on the branch pipe, the whole district 
supplied by that branch may be temporarily deprived of its supply. 

in the grid-iron system, the ends of the mains are junctioned into 
one another and when fully carried out the pipes should cross each 
other forming a complete network. 

Except in the case of the largest towns in India it is probable 
that a combination of the two foregoing methods will be suitable. In 
this case the sizes of the mains are determined under the condition of 
water flowing from one size only and then the ends of all pipes are 
connected together by pipes of not less than 3 inches in diameter, so 
that stagnation is avoided, and a partial supply, at any rate, always 
available. Such a system requires, of course, a larger number of valves 
than in the dead-end system, unless very extensive districts are to be 
shut off from supply during any burst, repair, etc. The number of valves 
required depends greatly on the security and amount of convenience 
required. 

In an irregularly built town with few definite main streets, it is 
a matter of judgment and experience as to how the pipes should be 
arranged. In India, where the major part of the supply is drawn from 
the street stand pipes, it is necessary to oe guided by two factors ; firstly, 
the distribution of the stand pipes ought to be averaged over the whole 
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town area, bo that no person may be beyond a fixed distance from astand 
pipe or fountain ; secondly, the supply to each stand pipe or fountain 
fihonld be in proportion to the population served by it, thus at fountains 
in densely-populated districts two, three or four taps may be required. 

227. Determinatioii of the Sizes of Pipes. — ^In working out 

the diameters of the large mains of a system, it is first of all necessary to 
divide the area to be supplied into a number of districts, and to disoover 
the approximate population of each. It is usual to limit the flow of 
water tnrough pipes to certain maximum velocities which should not be 
exceeded, and if these are determined, the maximum discharge allowable 
and the maximum hydraulic gradients at which such pipes should be 
laid are known. The diameters of the pipes should therefore be fixed not 
only with reference to the quantity they are recjuired to carry, but also 
with reference to the maximum velocity permissible through them. The 
first thing to be done in the case of the smaller mains is to determine 
the minimum diameter of the pipe to be adopted. In some oases a 
minimum of three inobes has been allowed, out it is now generally 
agreed that this diameter is too small. It is certainly too small in the 
ease of waters that incline to produce incrustation rapidly. A better 
minimum would undoubtedly be four inches. 

228. Pipes for Water Works.— The standard material used for 
water works at the present time is undoubtedly oast-iron, though under 
special circumstances pipes of other material may be used. Cast-iron 
pipes are connected together by flanged joints or spigot and faucet joints ; 
the latter class of joint is sub-divided into '' plain " and '' turned and 
bored '' joints. 

Flanged pipes are not used to any extent on water works except in 
special positions. Flanged joints are ordinarily ^' faced/' that is, their 
surfaces which come into contact are accurately planed. The joint i a^ 

made water-tigh t by the iTiAftyfemti^ halxuaon flio flnng^a^ r^f yy^,|»n f^j^^ 

lesiirLnAisk rubber, asbestos nr fgfnft Iqai^ riTiga » these are oompreased 
j yhen the joints are screwed up tight. FlangeiT pipes can be easily 
removed from a line of piping, but tney do not allow for expansion and 
contraction, and the joints are expensive to make. 

Spigot and faucet joints are therefore usual on water-supply mains. 
In turned and bored joints a portion of the outside of the spigot end of 
the pipe is accurately turned,. and the inside of the faucet end similarly 
bored, so that when the end of one pipe is thrust into the opposite end 
of the other pipe the joint is water-tight. The remaining portion of 
the joints of turned and bored joints is sometimes filled with cement 

mortar. >Yiil^^[^i!l, gr%^^ ft^'^^'^^ip^t jm'nt fii Ifi ft d i fl ^i^ ^^^^ thft jtrjntg 
after yarn has been'well ramme d home. 
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